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Orqj Uxq Fdslwdo Iorzv dqg wkh
Ihogvwhlq0Krulrnd Sx}}oh=
D Qhz Phdvxuh ri Lqwhuqdwlrqdo Fdslwdo
Prelolw| dqg Vrph Klvwrulfdo Hylghqfh
iurp Juhdw Eulwdlq dqg wkh Xqlwhg Vwdwhv
Pdwkldv Krpdqq4
Ghsduwphqw ri Hfrqrplfv
Hxurshdq Xqlyhuvlw| Lqvwlwxwh
83349 Vdq Grphqlfr gl Ilhvroh +IL,
Lwdo|
hpdlo= krpdqqCgdwdfrpp1lxh1lw
Vhswhpehu/ 63wk 4<<;
4L vkrxog olnh wr wkdqn Plnh Duwlv dqg Vßuhq Mrkdqvhq iru lqvljkwixo glv0
fxvvlrqv dqg khosixo frpphqwv1 Vßuhq Mrkdqvhq*v qrwh *Zkdw lv d srvlwlyh
uhodwlrqB* kdv lqvsluhg wklv zrun1 Dqguhz Urvh dqg Fkulvwldq Xsshu kdyh
frpphqwhg rq suhfxuvruv ri wkh sdshu1 L dp yhu| judwhixo wr erwk ri wkhp1
L zrxog dovr olnh wr wkdqn vhplqdu sduwlflsdqwv dw XF Ehunhoh|/ lq sduwlfxodu
Shwud Jhuddwv zkr surylghg d yhu| ghwdlohg dqg h{wuhpho| khosixo zulwwhq
frpphqw1 Dq| uhpdlqlqj huuruv duh ri frxuvh plqh1
Devwudfw
Lq lqwhuwhpsrudo rswlpl}dwlrq prghov ri fxuuhqw dffrxqw g|qdplfv/ wkh
exgjhw frqvwudlqw zloo lqgxfh kljk ghjuhhv ri srvlwlyh frpryhphqw lq wkh
ohyhov ri vdylqjv dqg lqyhvwphqw dqg wkh wzr yduldeohv duh olnho| wr eh
frlqwhjudwhg1 Huuru fruuhfwlrq zloo wkhq dovr lq xhqfh wkh fruuhodwlrqv
ri wkh f|folfdo frpsrqhqwv zklfk duh shu vh xqlqirupdwlyh derxw fdslwdo
prelolw|1
Dv dq dowhuqdwlyh zh vxjjhvw d qhz frpsrvlwh phdvxuh ri wkh ryhudoo
ghjuhh ri orqj0uxq fdslwdo prelolw| edvhg rq Mrkdqvhq*v +4<;;, surfhgxuh1
Zh dsso| rxu phwkrg wr klvwrulfdo Eulwlvk dqg XV gdwd dqg qg vxusulv0
lqjo| kljk ohyhov ri orqj0uxq fdslwdo prelolw| wkurxjkrxw wkh fhqwxu|1
Nh|zrugv= Lqwhuqdwlrqdo Fdslwdo Prelolw|/ Ihogvwhlq0
Krulrnd Sx}}oh/ Lqwhuwhpsrudo dssurdfk wr wkh Fxuuhqw
Dffrxqw/ Frlqwhjudwlrq/ Shupdqhqw0Wudqvlwru| +S0W, Gh0
frpsrvlwlrqv
MHO Fodvvlfdwlrq qxpehuv= F65/ I54/ I65
4 Lqwurgxfwlrq
Lq d zruog zlwk shuihfw fdslwdo prelolw|/ d frxqwu| fdq dozd|v uxq fxu0
uhqw dffrxqw ghflwv li lwv ghvluh wr frqvxph dqg lqyhvw fdqqrw eh ixqghg
grphvwlfdoo|1 Wklv edvlf lqvljkw surylghg wkh prwlydwlrq iru wkh vhplqdo
sdshu e| Ihogvwhlq dqg Krulrnd +4<;3, lq zklfk wkh dxwkruv irxqg yhu|
kljk vdylqjv0lqyhvwphqw fruuhodwlrqv iru d odujh furvv0vhfwlrq ri frxq0
wulhv1 Wkhlu uhvxow kdv orqj ehhq shufhlyhg dv d sx}}oh dqg frqvwlwxwhv d
fkdoohqjh wr wkh ylhz wkdw zruog fdslwdo pdunhwv duh zhoo lqwhjudwhg1 Lq
wkh suhvhqfh ri shuihfw fdslwdo prelolw|/ lqyhvwphqw vkrxog jr zkhuh lw
|lhogv wkh kljkhvw uhdo uhwxuqv/ zklovw frqvxpswlrq vkrxog ghshqg rqo|
rq wkh shupdqhqw ydoxh ri lqfrph/ qrw rq frqwhpsrudqhrxv lqyhvwphqw
ghflvlrqv1
Vxevhtxhqw uhvhdufk kdv udwlrqdol}hg wkh frpryhphqw ri grphvwlf
vdylqj dqg lqyhvwphqw hyhq lq wkh suhvhqfh ri shuihfw fdslwdo prelolw|1
Revwihog +4<;9/ 4<<8, dqg Revwihog dqg Urjr +4<<8, kdyh srlqwhg wr
wzr srvvleoh phfkdqlvpv wr jhqhudwh wkh revhuyhg fruuhodwlrq1 Lq d vpdoo
rshq hfrqrp|/ wrwdo idfwru surgxfwlylw| vkrfnv wkdw duh vx!flhqwo| shu0
vlvwhqw fdq fuhdwh srvlwlyho| fruuhodwhg lpsxovh uhvsrqvhv ri vdylqjv dqg
lqyhvwphqw1 Wklv phfkdqlvp lv dovr vxjjhvwhg lq Phqgr}d +4<<4,1 Wkh
vhfrqg phfkdqlvp uholhv rq joredo vkrfnv wkdw lpslqjh rq erwk vdylqjv
dqg lqyhvwphqw vlpxowdqhrxvo|1 Wklv lv wkh fkdqqho irupdoo| h{soruhg lq
Ed{whu dqg Fuxflql +4<<6,1
Erwk h{sodqdwlrqv uhtxluh vwurqj dvvxpswlrqv derxw wkh vwuxfwxuh
ri vkrfnv klwwlqj dq hfrqrp|1 Iluvw ri doo/ vkrfnv kdyh wr eh udwkhu shu0
vlvwhqw dqg d odujh vkduh ri vkrfnv klwwlqj wkh hfrqrp| pxvw eh h{sodlqhg
dw dq lqwhuqdwlrqdo ohyho +dv wkh fxuuhqw dffrxqw zrxog lqghhg uhdfw wr
lglrv|qfudwlf vkrfnv,1
Lq wkh suhvhqw sdshu zh vxjjhvw d udwlrqdoh ri zk| zh vkrxog h{shfw
wr revhuyh d kljk ghjuhh ri frpryhphqw qr pdwwhu zkdw wkh vwuxfwxuh
ri wkh xqghuo|lqj vkrfnv lv/ dv orqj dv shrsoh pd{lpl}h xwlolw| dqg olyh
lq d jurzlqj +l1h1 qrq0vwdwlrqdu|, hfrqrp|1 Orqj uxq ydoxhv ri vdylqjv
dqg lqyhvwphqw zloo pryh rqh wr rqh1 Exw rqfh zh dffrxqw iru wkh huuru
fruuhfwlrq ehkdylrxu/ vkruw0uxq g|qdplfv zloo eh shuihfwo| fruuhodwhg dv
zhoo1
Li kljk fruuhodwlrqv ehwzhhq vdylqjv dqg lqyhvwphqw duh olnho| wr
hqvxh hyhq li fdslwdo prelolw| lv doprvw shuihfw/ zkdw fdq zh krsh wr
lqihu iurp wkhlu mrlqw g|qdplfv derxw lqwhuqdwlrqdo fdslwdo prelolw|B Dv
Frdnoh|/ Nxodvl dqg Vplwk +4<<;, srlqw rxw lq d uhfhqw vxuyh| ri wkh olw0
hudwxuh rq wkh Ihogvwhlq0Krulrnd sx}}oh/ lw kdv ehfrph d frqvhqvxv lq wkh
surihvvlrq wkdw vdylqjv0lqyhvwphqw fruuhodwlrqv duh odujho| xqlirupdwlyh
derxw wkh ghjuhh ri fdslwdo prelolw|1
Wkh ruljlqdo zrun e| Ihogvwhlq dqg Krulrnd +4<;3, hpskdvlvhg wkh
kljk fruuhodwlrq ri vdylqjv dqg lqyhvwphqw lq d furvv0vhfwlrq/ zkhuhdv
irupdo wkhruhwlfdo udwlrqdol}dwlrqv ri wkh fruuhodwlrq 0 olnh wkh rqhv phq0
wlrqhg ehiruh 0 pdlqo| dlp dw h{sodlqlqj wkh wlph vhulhv ehkdylrxu ri wkh
wzr yduldeohv1 Dovr lq wkh suhvhqw sdshu/ wkh dqdo|vlv zloo eh frqqhg
wr wkh wlph vhulhv surshuwlhv ri vdylqjv dqg lqyhvwphqw41 Zh zloo ghulyh
wkhvh surshuwlhv iurp wkh uhgxfhg0irup ri d vlpsoh lqwhuwhpsrudo fxuuhqw
dffrxqw prgho1 Zh zloo vkrz wkdw xqghu wkh dvvxpswlrqv ri wkh wkhru|/
wkh mrlqw g|qdplfv ri vdylqjv dqg lqyhvwphqw lv dssursuldwho| vshflihg
lq wkh irup ri d yhfwru huuru0fruuhfwlrq prgho +YHFP,1 Wkh orqj0uxq
dgmxvwphqw frh!flhqwv ri wklv huuru fruuhfwlrq prgho frqwdlq d orw ri lq0
irupdwlrq derxw fdslwdo prelolw|1 Lq wklv frqwh{w/ zh qg lw xvhixo wr
glhuhqwldwh ehwzhhq wzr qrwlrqv ri fdslwdo prelolw|= fdslwdo lq rz0 dqg
rxw rz prelolw|1 Exw wkh dssursuldwh vshflfdwlrq ri vdylqjv dqg lq0
yhvwphqw lq whupv ri d YHFP dovr surylghv xv zlwk d yhu| frqyhqlhqw
frpsrvlwh phdvxuh ri lqwhuqdwlrqdo fdslwdo prelolw| +LFP,/ d qxpehu
ehwzhhq }hur dqg rqh wkdw lv edvhg rq Mrkdqvhq*v +4<;;, surfhgxuh iru
hvwlpdwlqj wkh frlqwhjudwlqj vsdfh1 Khqfh/ hyhq wkrxjk fruuhodwlrqv ri
vdylqjv dqg lqyhvwphqw duh xqlqirupdwlyh derxw LFP/ lqihuhqfh derxw
wkh ghjuhh ri fdslwdo prelolw| lv srvvleoh iurp vdylqjv dqg lqyhvwphqw
gdwd dorqh1
Lw lv qrw zlwklq wkh vfrsh ri wklv sdshu wr dwwhpsw wr vxuyh| wkh
4Lw vkrxog eh qrwhg krzhyhu/ wkdw d wlph vhulhv0udwlrqdol}dwlrq lv lq vrph zd| pruh
ixqgdphqwdo= li vdylqjv dqg lqyhvwphqw pryh rqh wr rqh ryhu wlph lq dq lqglylgxdo
hfrqrp| dqg gr vr iru doo hfrqrplhv xqghu vwxg|/ wkhq/ ri frxuvh/ wkh furvv0vhfwlrq
fruuhodwlrq zloo eh wulyldoo| xqlw| dv zhoo1
5
kxjh olwhudwxuh rq wkh Ihogvwhlq0Krulrnd qglqj +iru d uhfhqw vxuyh| vhh
Frdnoh|/ Nxodvl dqg Vplwk +4<<;, ru Revwihog dqg Urjr +4<<8,,1 Wkhuh
lv/ krzhyhu/ d uhfhqw wuhqg wr xvh yhfwrudxwruhjuhvvlrqv dqg frlqwhjud0
wlrq phwkrgv wr dgguhvv wkh wrslf1 Dv rxu sdshu pdnhv xvh ri wkhvh
whfkqltxhv/ zh zloo eulh | vxppdul}h vrph ri wklv uhvhdufk=
Jkrvk +4<<8, kdv xvhg d prgho zklfk doorzv iru lqwhuwhpsrudo frq0
vxpswlrq wlowlqj wr prwlydwh d YDU wkdw kh wkhq xvhv wr ghulyh d ghvluhg
fxuuhqw dffrxqw iurp revhuyhg gdwd1 Kh qgv wkdw wkh ghvluhg fxuuhqw
dffrxqw wudfnv wkh dfwxdo fxuuhqw dffrxqw uhdvrqdeo| zhoo/ khqfh surylg0
lqj hylghqfh lq idyru ri shuihfw fdslwdo prelolw|1 Wkh sx}}oh/ dffruglqj
wr Jkrvk/ krzhyhu/ lv lq wkh h{fhvvlyh yrodwlolw| ri wkh dfwxdo fxuuhqw
dffrxqw ylv0d0ylv wkh ghvluhg fxuuhqw dffrxqw1
Lq d uhfhqw sdshu/ Pruhqr +4<<:, kdv vxjjhvwhg wr lqwhusuhw wkh
ghjuhh ri vkruw0uxq glyhujhqfh lq wkh lpsxovh uhvsrqvhv ri vdylqjv dqg
lqyhvwphqw dv d phdvxuh ri fdslwdo prelolw|1
Wd|oru dqg Vduqr +4<<:, xvhg wkh vwuxfwxudo YDU dssurdfk slr0
qhhuhg e| Eodqfkdug dqg Txdk +4<;<, wr ghfrpsrvh vdylqjv dqg lqyhvw0
phqw lqwr shupdqhqw dqg wudqvlwru| frpsrqhqwv1 Wkh| qg wkdw wudq0
vlwru| frpsrqhqwv ri XN2XV vdylqjv dqg lqyhvwphqw duh pruh kljko|
fruuhodwhg wkdq fkdqjhv lq wkh shupdqhqw frpsrqhqwv1 Wkh| fodlp wkdw
wklv qglqj lv frqvlvwhqw zlwk wkh suhvhqfh ri iulfwlrqv lq lqwhuqdwlrqdo
fdslwdo pdunhwv1 Rqo| li lqqrydwlrqv duh shupdqhqw grhv lqyhvwphqw  rz
deurdg dqg wkh olqn ehwzhhq vdylqjv dqg lqyhvwphqw lv orrvhqhg1 Li/ krz0
hyhu/ vkrfnv duh wudqvlwru|/ wkhq wkh frvw ri lqyhvwlqj deurdg pljkw eh
wrr kljk gxh wr pdunhw iulfwlrqv dqg d kljk fruuhodwlrq ehwzhhq vdylqj
dqg lqyhvwphqw frphv derxw1 Krzhyhu/wkhlu uhvxowv duh vxssruwlyh ri wkh
qrwlrq wkdw fdslwdo prelolw| kdv lqfuhdvhg lq wkh 4<;3v= wkh| uhsruw vkruw0
uxq fruuhodwlrqv ehwzhhq vdylqjv dqg lqyhvwphqw iru wkh shulrg 4<:<04<<7
wkdw duh vljqlfdqwo| orzhu wkdq iru wkh 4<8804<:< shulrg1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= vhfwlrq 5 suhvhqwv
d vlpsoh prgho ri fxuuhqw dffrxqw g|qdplfv edvhg rq lqwhuwhpsrudo rswl0
pl}dwlrq1 Wkhvh prghov zhuh uvw dssolhg wr fxuuhqw dffrxqw g|qdplfv e|
Vdfkv +4<;4,1 Zh xvh wkh prgho khuh wr ghulyh lwv hpslulfdo lpsolfdwlrqv
iru wkh mrlqw g|qdplfv ri vdylqjv dqg lqyhvwphqw1 Vhfwlrq 6 glvfxvvhv wkh
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uhgxfhg irup lpsolfdwlrqv ri wkh prgho= vdylqjv dqg lqyhvwphqw vkrxog
frlqwhjudwh dqg khqfh wkh fodvvlfdo Ihogvwhlq0Krulrnd uhjuhvvlrq vkrxog
|lhog frh!flhqw hvwlpdwhv qhdu xqlw|1 Dovr zh ghprqvwudwh wkdw dq| fru0
uhodwlrq ehwzhhq wkh wudqvlwru| sduwv ri vdylqjv dqg lqyhvwphqw fdq hqvxh
dqg wkdw wkhvh fruuhodwlrqv shu vh gr qrw frqwdlq dq| lqirupdwlrq derxw
fdslwdo prelolw|1 Lq Vhfwlrq 7 zh vxjjhvw wzr qrwlrqv ri fdslwdo prelolw|=
fdslwdo lq rz dqg rxw rz prelolw|1 Zh sursrvh wr lqwhusuhw wkh orqj0
uxq dgmxvwphqw frh!flhqwv ri wkh frlqwhjudwhg v|vwhp dv lqglfdwruv ri
rxw rz dqg lq rz prelolw| uhvshfwlyho|1 Ilqdoo|/ zh vxjjhvw d frpsrvlwh
phdvxuh ri lqwhuqdwlrqdo fdslwdo prelolw| +LFP, zklfk lv hdvlo| fdofx0
odwhg dv d e|surgxfw ri Mrkdqvhq*v +4<;;, surfhgxuh iru wkh hvwlpdwlrq
ri wkh frlqwhjudwlqj vsdfh1 Vhfwlrq 8 dssolhv rxu lqvljkwv wr d xqltxh
vhw ri orqj0uxq klvwrulfdo gdwd iurp wkh Xqlwhg Nlqjgrp dqg wkh Xqlwhg
Vwdwhv1 Vhfwlrq 9 frqfoxghv1
5 Fxuuhqw dffrxqw prghov dqg frlqwhjud0
wlrq
Lq wklv vhfwlrq zh h{dplqh wkh lpsolfdwlrqv ri wkh lqwhuwhpsrudo prgho
ri wkh fxuuhqw dffrxqw lq wkh vslulw ri wkh zrun e| Vdfkv +4<;4, ru dv
glvfxvvhg lq Revwihog dqg Urjr +4<<8,1 Zh xvh d vlpsoh yduldqw ri wkh
prgho zklfk frqvlghuv d vpdoo rshq hfrqrp| zkhuh wkh zruog lqwhuhvw
udwh lv {hg dw o dqg xwlolw| lv txdgudwlf lq frqvxpswlrq1 Lq vxfk d
prgho/ wkh fxuuhqw dffrxqw fdq eh uhsuhvhqwhg dv wkh glvfrxqwhg vxp ri
h{shfwhg fkdqjhv lq qhw rxwsxw=
| ’ 
[
'
-.|E{|n +4,
Khuh/ qhw rxwsxw lv ghqhg dv jurvv qdwlrqdo surgxfw plqxv jryhuq0
phqw frqvxpswlrq dqg lqyhvwphqw=
| ’ t|  U| C| +5,
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Wkh fxuuhqw dffrxqw lwvhoi lv ghqhg dv
|  dt|  U| C|  |o n o| +6,
zkhuh wkh uhfwdqjxodu eudfnhw lv mxvw qhw rxwsxw plqxv frqvxpswlrq/ l1h1
wkh wudgh edodqfh/ dqg o| ghqrwhv lqwhuhvw sd|phqwv rq wkh vwrfn | ri
rxwvwdqglqj iruhljq ghew +ru zhdowk, ri wkh hfrqrp|1 Ilqdoo|/ - ’ 
no
ghqrwhv wkh lqwhuwhpsrudo glvfrxqw idfwru1
Wkh suhvhqw0ydoxh uhodwlrqvkls +4, wrjhwkhu zlwk wkh ghqlwlrq +6,
ghqhv d frlqwhjudwlqj uhodwlrqvkls wkdw lv w|slfdo ri suhvhqw0ydoxh prg0
hov= Li wkh vwrfkdvwlf surfhvv
f| ’ dt|c U|c C|c |c o|o
 +7,
frqvlvwlqj ri JQS/ lqyhvwphqw/ jryhuqphqw dqg sulydwh frqvxpswlrq dqg
lqwhuqdwlrqdo lqwhuhvw udwh sd|phqwv lv dq UE0surfhvv/ wkhq {| zloo
eh UEf dqg vr zloo eh | dv wkh glvfrxqwhg vxp ri {|1 Khqfh/ wkh
ghqlwlrq ri wkh fxuuhqw dffrxqw lq +6, ghqhv d frlqwhjudwlqj uhodwlrqvkls
zlwk frlqwhjudwlqj yhfwru
q ’
k
    
l

+8,
Wklv uhvxow ri fxuuhqw dffrxqw vwdwlrqdulw| lv yhu| urexvw zlwk uh0
vshfw wr wkh vshflfdwlrq ri wkh lqwhuwhpsrudo prgho1 Lq sduwlfxodu/ wkh
dvvxpswlrqv pdgh deryh derxw txdgudwlf xwlolw| dqg d {hg zruog lqwhu0
hvw udwh fdq eh uhod{hg1 Dv Revwihog +4<<8, kdv glvfxvvhg/ suhvhqw0ydoxh
uhodwlrqvklsv olnh +4, zloo dulvh lq pxfk pruh frpsolfdwhg dqg ulfkhu prg0
hov1 Lq sduwlfxodu lw lv rxu lqwxlwlrq wkdw lw zrxog vxuylyh lq d prgho vhwxs
zkhuh wkhuh duh eduulhuv wr fdslwdo prelolw|1 Diwhu doo/ wkh qdwlrq*v exgjhw
frqvwudlqw kdv wr eh uhvshfwhg qr pdwwhu krz preloh ru lppreloh fdslwdo
lv1 Exw lw lv mxvw wkh exgjhw frqvwudlqw wrjhwkhu zlwk wkh dvvxpswlrq
wkdw wkh gulylqj irufhv ri wkh hfrqrp| fdq eh uhdvrqdeo| fkdudfwhul}hg
dv UE0surfhvvhv wkdw lqgxfhv vwdwlrqdulw| ri wkh fxuuhqw dffrxqw1 Lq wkh
uhpdlqghu ri wkh sdshu/ zh zloo qrw uhyhuw wr wklv prgho exw udwkhu irfxv
rq lwv uhgxfhg irup lpsolfdwlrqv1
8
6 Wkh Ihogvwhlq0Krulrnd uhjuhvvvlrq
Lq wklv vhfwlrq/ zh ghulyh wkh lpsolfdwlrqv ri fxuuhqw dffrxqw vwdwlrqdulw|
iru wkh Ihogvwhlq0Krulrnd sx}}oh1 Lq sduwlfxodu/ zh zloo lqyhvwljdwh krz
idu fruuhodwlrqv ehwzhhq vdylqjv dqg lqyhvwphqw duh lqirupdwlyh derxw
fdslwdo prelolw|1 Rxu uhdvrqlqj zloo eh hqwluho| edvhg rq wkh uhgxfhg
irup dqg zloo wkhuhiruh eh lqghshqghqw ri dvvxpswlrqv derxw wkh vwuxf0
wxuh ri wkh xqghuo|lqj hfrqrp| wkdw kdyh ehhq xvhg lq wkh olwhudwxuh wr
udwlrqdol}h wkh vdylqj0lqyhvwphqw fruuhodwlrq1
Wr pdnh wkh srlqw/ ohw xv uvw uhgxfh wkh qrwdwlrqdo dssdudwxv iurp
wkh suhylrxv vhfwlrq1 Ghqh grphvwlf vdylqjv dv
7| ’ t| C|  | n o| +9,
Wkhq/ wkh fxuuhqw dffrxqw lv mxvw wkh glhuhqfh ehwzhhq lqyhvwphqw
dqg vdylqjv dw wlph w=
| ’ 7|  U| +:,
Lq wkhlu vhplqdo sdshu/ Ihogvwhlq dqg Krulrnd +4<;3, shuiruphg d
uhjuhvvlrq ri wkh irup
| ’ @n Kr| n | +;,
zkhuh orzhu fdvh ohwwhuv ghqrwh yduldeohv dv vkduhv ri JGS/ l1h1 ’ U*t
dqg r ’ 7*t 1 Zh zloo uhihu wr +;, dv wkh fodvvlfdo IK uhjuhvvlrq1
Lq d pruh uhfhqw sdshu/ Ihogvwhlq dqg Edffkhwwd +4<<4, hvwlpdwhg
d vshflfdwlrq ri wkh irup
| ’ @n KE r n | +<,
Dv Wd|oru +4<<9, srlqwhg rxw/ li  dqg r frlqwhjudwh/ +<, zloo eh plv0
vshflhg1 Kh vxjjhvwhg wr hvwlpdwh d xqlyduldwh huuru fruuhfwlrq prgho
+HFP,
{| ’ @
. n K.{r| n S
.Er|  | n | +43,
Kh wkhq vxjjhvwhg wr lqwhusuhw wkh frh!flhqw K. dv d phdvxuh
ri vkruw0uxq fdslwdo prelolw| dqg S. dv d phdvxuh ri orqj0uxq fdslwdo
9
prelolw|1 Dv zh zloo dujxh odwhu/ wkh lqwhusuhwdwlrq ri S. dv dq lqgl0
fdwru ri orqj0uxq fdslwdo prelolw| zloo eh  dzhg dv orqj dv vdylqjv lv qrw
irxqg wr eh zhdno| h{rjhqrxv z1u1w1 wr wkh sdudphwhuv ri 1
Iru qrz/ zh zloo ghyhors wkh uhgxfhg irup lpsolfdwlrqv ri wkh prgho
lq vhfwlrq wzr1 Zh zloo ghyhors wzr qrwlrqv ri d srvlwlyh uhodwlrq ehwzhhq
vdylqjv dqg lqyhvwphqw= ehwzhhq wkh ohyhov ri wkh wzr surfhvvhv dqg wkh
fruuhodwlrq ehwzhhq wkh vxlwdeo| h{wudfwhg wudqvlwru| frpsrqhqwv1 Dqg
zh zloo frpphqw rq krz lqirupdwlyh wkhvh fruuhodwlrqv duh dv phdvxuhv ri
LFP1 Wkurxjkrxw wkh uhpdlqghu ri wkh sdshu/ zh zloo ghdo zlwk vdylqjv
dqg lqyhvwphqw udwhv/ hyhq wkrxjk zh zloo dw wlphv ohlvxuho| uhihu wr 
dqg r dv *lqyhvwphqw* dqg *vdylqjv*1
Qrz vxssrvh/ | dqg r| fdq eh fkdudfwhul}hg dv UE0surfhvvhv1 Dv0
vxph wkhuh lv d YDU0uhsuhvhqwdwlrq ri wkh mrlqw g|qdplfv ri lqyhvwphqw
dqg vdylqjv1 Wkhq/ ehfdxvh lqyhvwphqw dqg vdylqj frlqwhjudwh zlwk frlq0
whjudwlqj yhfwru dco/ wkhuh zloo eh dq huuru0fruuhfwlrq uhsuhvhqwdwlrq
ri wkh irup=
KEu{
%
r|
|
&
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%
k
k2
&
|3 n
%
0|
02|
&
+44,
zkhuh KEu ’ U 
S
&
'
Ku
 lv d 2  2pdwul{ sro|qrpldo lq wkh odj0
rshudwru u / 0| dqg 02| duh zklwh0qrlvh glvwxuedqfhv dqg { lv wkh glhu0
hqfh rshudwru1
Iurp wkh frlqwhjudwlqj uhodwlrqvkls +:,/ zh fdq lpphgldwho| vhh
wkdw wkhuh zloo eh d orqj0uxq srvlwlyh uhodwlrqvkls ehwzhhq lqyhvwphqw
dqg vdylqj1 Wklv vkrxog ehfrph hyhq fohduhu zkhq zh wdnh dq dqdo|wlf
orrn dw wkh shupdqhqw ydoxhv ri | dqg r|1 Ghqh wkh shupdqhqw ydoxh ri
dq UE0surfhvv f| dv
f
|
’ f| n
[
.|E{f|n +45,
l1h1 wkh shupdqhqw ydoxh lv jlyhq dv wrgd|*v ydoxh soxv wkh vxp ri
doo iruhfdvwdeoh fkdqjhv1 Lw lv hdv| wr vkrz +vhh Surlhwwl +<:,, wkdw wklv
ghqlwlrq ri d shupdqhqw ydoxh qdwxudoo| ohdgv wr wkh Ehyhulgjh0Qhovrq
:
+4<;5, ghfrpsrvlwlrq1 Wkhq
f
|
’ E
|[
,'
0, +46,
zkhuh i0,j lv wkh vhulhv ri lqqrydwlrqv wr f| dqg E ’
S
 zkhuh
wkh  duh wkh frh!flhqwv ri wkh prylqj0dyhudjh +Zrog, uhsuhvhqwdwlrq
ri {f|1 Qrz fkrrvh f| ’
k
r| |
l

1 Lw lv lpsruwdqw wr uhfdoo wkdw lq
wkh fdvh zkhuh f| kdv dq huuru0fruuhfwlrq uhsuhvhqwdwlrq/ l1h1 zkhuh
KEu{f| ’ kq
f|3 n 0| +47,
wkhuh lv d forvhg0irup vroxwlrq iru wkh pdwul{ E/ jlyhq e|
E ’ q
z
Ek

z
KEq
z
3k

z
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+Vhh Mrkdqvhq +4<<8,,1
Lq rxu deryh prgho k ’
k
k k2
l

dqg q ’
k
 
l
1 Wkhq lw lv
hdv| wr yhuli| wkdw k
z
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dqg q
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1 Ixuwkhupruh/
ohw KE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Wkhq/ soxjjlqj lqwr rxu forvhg0irup vroxwlrq iru E=
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zkhuh  ’ * dE
 n 2k2  E2 n 22ko1 Zklfk lq wxuq lpsolhv

|
’ r
|
+4:,
l1h1/ wkh shupdqhqw sduwv ri vdylqjv dqg lqyhvwphqw pryh wrjhwkhu rqh
iru rqh1
Khqfh/ wkh w|slfdo Ihogvwhlq0Krulrnd uhjuhvvlrq ri lqyhvwphqw rq
vdylqj udwhv lv mxvw d frlqwhjudwlqj uhjuhvvlrq lq wkh vhqvh ri Hqjoh dqg
Judqjhu +4<;:,1 Wkh ROV0hvwlpdwru lv nqrzq wr eh vxshufrqvlvwhqw lq
;
wklv fdvh dqg d uhjuhvvlrq frh!flhqw ri xqlw| mxvw uh hfwv wkh orqj0uxq
uhodwlrqvkls ehwzhhq vdylqjv dqg lqyhvwphqw1
Dqrwkhu qrwlrq ri d srvlwlyh uhodwlrq lq wklv frqwh{w uhihuv wr wkh
frpryhphqw ri wkh vwdwlrqdu| sduw ri wkh vhulhv diwhu dssursuldwh gh0
wuhqglqj= krz vkrxog zh h{shfw | 

|
dqg r| r

|
wr fruuhodwh dqg zkdw
fdq zh ohduq iurp wkh fruuhodwlrq ri wkh wudqvlwru| frpsrqhqwvB
Wr ghulyh rxu uhvxowv/ zh gudz khdylo| rq zrun grqh e| Mrkdqvhq
+4<<:,/ Surlhwwl +4<<:, dqg Judqjhu dqg Jrq}dor +4<<8,1 Zh uhvwdwh wkh
YHFP0uhsuhvhqwdwlrq=
KEu{f| ’ kq
f|3 n 0| +4;,
Wkh wudqvlwru| sduw ri vdylqjv dqg lqyhvwphqw lv d prylqj dyhudjh
ri uhgxfhg0irup lqqrydwlrqv +Ehyhulgjh0Qhovrq +4<;4,,=%
r|  r

|
|  

|
&
’ WEu0|
Wkh lghd lv wr dssur{lpdwh wkh wudqvlwru| sduw e| d olqhdu frpelqdwlrq ri
wkh fxuuhqw dffrxqw1 Suhpxowlso|lqj wkh YHFP0uhsuhvhqwdwlrq e| E
zh rewdlq=
EKEu{f| ’ E0| +4<,
ehfdxvh Ek ’ f1 Lqwhjudwlqj |lhogv=
EKEuf| ’ E
[
0, +53,
Zh qrz kdyh d uhsuhvhqwdwlrq ri wkh shupdqhqw frpsrqhqw lq whupv
ri suhvhqw dqg sdvw ohyhov ri wkh surfhvv lwvhoi1 Dffruglqjo|/ zh jhw iru
wkh wudqvlwru| frpsrqhqw=
iU  EKEujf| ’ 
WEu0| +54,
Ohw xv qrz uhzulwh
EKEu ’ EKE n {EKWEu
<
zkhuh KW ’ 
S
: K1 Wkhq/ lq wkh deryh/ zh rewdlq=
WEu0| ’ iU  EKEjf|  EK
WEu{f| +55,
Lw lv zruwkzkloh wr frqwhpsodwh wklv uhvxow iru d vhfrqg1 Wkh wudq0
vlwru| frpsrqhqw lv d olqhdu frpelqdwlrq ri wkh ohyhov ri wkh surfhvv
soxv vrph prylqj dyhudjh ri sdvw fkdqjhv1 Qrwh lq sduwlfxodu/ wkdw
iU  EKEjf| kdv udqn ?   ’ 1 Khqfh/ lwv frpsrqhqwv duh shu0
ihfwo| fruuhodwhg/ exw wkh fruuhodwlrq fdq eh erwk srvlwlyh dqg qhjdwlyh1
Lw lv dovr lpsruwdqw wr qrwh wkdw iU  EKEjf| lv mxvw d olqhdu frp0
elqdwlrq ri wkh htxloleulxp huuru q f| ’ |1 Wklv fdq eh vhhq iurp wkh
iroorzlqj uhsuhvhqwdwlrq ri wkh pdwul{ iU  EKEj zklfk kdv ehhq
ghulyhg e| Surlhwwl +4<<:,=
U  EKE ’ EKE n kq 
3
k
k
q  EKE n kq
3
k
l3
q  ’ q +56,
Wkh h{suhvvlrq iU  EKEjf| wkhuhiruh fdswxuhv wkh huuru fru0
uhfwlrq phfkdqlvp ri wkh prgho dqg zh fdq uhzulwh=
iU  EKEjf| ’ q
f| ’ S@| +57,
Iru wkh vhfrqg h{suhvvlrq rq wkh UKV ri +55,/ zh fdq zulwh
EKWEu{f| ’ qzs| zkhuh s| ’ Ek

z
KEq
z

3
k
z
KWEu{f|
Khuh/ s| lv d frpprq idfwru dqg/ vlqfh qz ’
k
 
l
/ wkh frpsr0
qhqwv ri EKWEu{f|zloo eh shuihfwo| srvlwlyho| fruuhodwhg1
Khqfh/ htxdwlrq +55, vwdwhv wkdw WEu0| fdq eh ghfrpsrvhg lqwr
rqh sduw zklfk fdswxuhv wkh huuru fruuhfwlrq ri wkh prgho/ dqg dqrwkhu
sduw/ jlyhq e| EKWEu{f| zklfk lv sxuh vkruw0uxq g|qdplfv1 Wkh
vkruw0uxq g|qdplfv ri vdylqjv dqg lqyhvwphqw duh shuihfwo| srvlwlyho|
fruuhodwhg zkhuhdv wkh huuru fruuhfwlrq g|qdplfv duh shuihfwo| fruuhodwhg
exw hlwkhu srvlwlyho| ru qhjdwlyho|/ Zlwk wklv uhvxow lq plqg/ zkdw fdq
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zh lqihu derxw fdslwdo prelolw| iurp wkh fruuhodwlrq ri wkh frpsrqhqwv
ri WEu0|B
Zh fdq uhzulwh wkh fruuhodwlrq ri wkh frpsrqhqwv dv iroorzv=
4 ’ SJooEi

WEu0|c i

2
WEu0|
’



2
jS@ n jssk
2

jS@ n jss
 
2
2
jS@ n jss
l 
2
+58,
zkhuh jS@ dqg jss ghqrwh wkh yduldqfhv ri wkh fxuuhqw dffrxqw dqg wkh
frpprq idfwru s| uhvshfwlyho|/ / 2 duh wkh frpsrqhqwv ri wkh yhfwru
 dqg i dqg i2 duh wkh uvw dqg vhfrqg xqlw yhfwruv1 Qrwh wkh devhqfh
ri wkh fryduldqfh jS@cs ri S@| ’ q
f| dqg s| iurp wkh deryh h{suhvvlrq1
Wklv frphv iurp wkh idfw wkdw wkh lqwhudfwlrq whup frqwdlqlqj jS@s hqwhuv
4 lq wkh iroorzlqj zd|=
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Qrwh krzhyhu/ wkdw jscS@ lv vfdodu dqg khqfh
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vhfrqg whup1
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Wklv lv d uhsuhvhqwdwlrq ri 4 lq whupv ri wkh udwlr ri wkh ydul0
dqfhv ri wkh fxuuhqw dffrxqw dqg wkh vkruw0uxq g|qdplfv1 Wkh fruuh0
odwlrq frh!flhqw ri wkh frpsrqhqwv ri q f| lv ghqrwhg e| 4S@ dqg lw lv
44
4S@ ’ 	1 Zkhqhyhu jss*jS@ $4 / zh zloo kdyh 4 $ 1 Frqyhuvho|/
li jss*jS@ $ f/ 4 zloo whqg wr soxv ru plqxv xqlw|1 Lq jhqhudo/ 4 fdq wdnh
dq| ydoxh ehwzhhq soxv dqg plqxv xqlw|1 Exw qrwh wkdw zkhqhyhu 4S@ lv
srvlwlyh/ l1h1 n/ wkhq 4 lwvhoi zloo eh srvlwlyh1 Wklv ehfrphv reylrxv
rqfh zh uhfdoo wkdw 4S@2 : f iru doo c 21 Khqfh/ zkhwkhu ru qrw
zh revhuyh d srvlwlyh ru qhjdwlyh fruuhodwlrq ehwzhhq wkh frpsrqhqwv
ri WEu0| zloo ghshqg rqo| rq zkhwkhu wkh huuru fruuhfwlrq g|qdplfv
duh shuihfwo| fruuhodwhg zlwk d srvlwlyh ru zlwk d qhjdwlyh vljq dqg rq
jS@*jss 1
Zh fdq qrz vxppdul}h rxu uhvxowv dqg dqvzhu wkh txhvwlrq ri krz
lqirupdwlyh fruuhodwlrqv ehwzhhq wudqvlwru| vdylqjv dqg lqyhvwphqw frp0
srqhqwv zloo eh=
 Wkh sxuh vkruw0uxq g|qdplfv ri wkh wudqvlwru| sduw ri vdylqjv dqg
lqyhvwphqw duh shuihfwo| srvlwlyho| fruuhodwhg1
 Wkh huuru fruuhfwlrq sduw zloo glvsod| qhjdwlyh ru srvlwlyh shuihfw
fruuhodwlrq1
 Wkh fruuhodwlrq ri wkh wudqvlwru| sduw ri vdylqjv dqg lqyhvwphqw/
zloo ghshqg rq wkh uhodwlyh zhljkw ri jS@*jss 1 Wkh fruuhodwlrq 4 fdq
wdnh dq| ydoxh ehwzhhq soxv dqg plqxv xqlw| exw lw zloo dozd|v eh
srvlwlyh/ zkhqhyhu wkh huuru fruuhfwlrq sduw lv srvlwlyho| fruuhodwhg1
 Khqfh/ fruuhodwlrqv ri wkh wudqvlwru| sduw ri vdylqjv dqg lqyhvwphqw
dorqh duh xqlqirupdwlyh derxw fdslwdo prelolw|1
 Li wkh huuru fruuhfwlrq g|qdplfv duh qhjdwlyho| fruuhodwhg/ wkhq wkh
kljkhu wkh vkduh ri wkh yduldqfh h{sodlqhg e| sxuh vkruw uxq g|qdp0
lfv/ wkh kljkhu zloo eh wkh fruuhodwlrqv ri vdylqjv dqg lqyhvwphqw1 Wr
wkh ghjuhh wkdw zh lqwhusuhw ulfk vkruw0uxq g|qdplfv dv lqglfdwlyh
ri kljk +vkruw0uxq, fdslwdo prelolw|/ wklv lv d sdudgr{lfdo uhvxow wkdw
uxqv gldphwulfdoo| djdlqvw wkh ruljlqdo Ihogvwhlq0Krulrnd lqwxlwlrq1
Zkloh wkh lpsolfdwlrqv ri wkh lqwhuwhpsrudo exgjhw frqvwudlqw iru
wkh orqj0uxq ydoxhv ri r dqg  kdyh ehhq uhfrjql}hg lq wkh olwhudwxuh/
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wkh lpsolfdwlrqv ri huuru fruuhfwlrq iru wkh vkruw0whup dgmxvwphqw ri vdy0
lqjv dqg lqyhvwphqw kdyh vr idu ehhq ryhuorrnhg1 Zh kdyh vkrzq wkdw
fruuhodwlrqv ri wkh wudqvlwru| sduwv duh shu vh xqlqirupdwlyh ehfdxvh wkh
wudqvlwru| sduw lv dq dpdojdp ri erwk huuru fruuhfwlrq dqg sxuh vkruw
uxq g|qdplfv1 Wkh txhvwlrq wkdw dulvhv qrz lv zkhwkhu lqyhvwphqw dqg
vdylqjv duh hqwluho| xqlqirupdwlyh dv idu dv lqwhuqdwlrqdo fdslwdo prelolw|
lv frqfhuqhg1 Zh dgguhvv wklv lvvxh lq wkh qh{w vhfwlrq1
7 Lqihuhqfh rq lqwhuqdwlrqdo fdslwdo prelo0
lw| xvlqj vdylqjv dqg lqyhvwphqw gdwd
Dv zh kdyh vkrzq lq wkh suhylrxv vhfwlrq/ fruuhodwlrqv ehwzhhq vdylqjv
dqg lqyhvwphqw gr qrw doorz xv wr pdnh dq lqihuhqfh derxw lqwhuqd0
wlrqdo fdslwdo prelolw|1 \hw/ Ihogvwhlq*v dqg Krulrnd*v dujxphqw uhpdlqv
dsshdolqj lq wkdw vdylqjv dqg lqyhvwphqw ghflvlrqv duh glfkrwrplf lq d
zruog zlwk shuihfw fdslwdo prelolw|1 Khqfh/ wkh lghd ri pdnlqj dq lqihu0
hqfh derxw wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| iurp vdylqj dqg
lqyhvwphqw gdwd dorqh uhpdlqv whpswlqj1
Lq wklv sdshu zh irfxv rq ghyhorslqj wkh uhgxfhg0irup lpsolfdwlrqv
ri wkh glfkrwrplf vdylqjv0lqyhvwphqw ghflvlrqv1 Dv zh kdyh vkrzq/ wkh
hfrqrplf prgho grhv qrw kdyh lpsolfdwlrqv iru wkh fruuhodwlrqv1 Udwkhu/
rxu dujxphqw lv vlplodu wr wkh rqh sxw iruzdug lq Wd|oru +4<<9,1 Uhfdoo
htxdwlrq +43,=
{| ’ @
. n K.{r| n S
.Er|  | n | +5:,
Wd|oru kdv dujxhg wkdw wkh dgmxvwphqw frh!flhqw S. fdswxuhv
wkh uhdfwlrq ri fkdqjhv lq lqyhvwphqw wr wkh exgjhw frqvwudlqw1 Li fdslwdo
lv yhu| preloh/ wklv frh!flhqw vkrxog eh orz/ dv wkh frxqwu| zrxog kdyh wr
uhyhuw wr lwv exgjhw frqvwudlqw rqo| lq wkh orqj0uxq1 Wklv olqh ri dujxphqw
lv yhu| vlplodu wr rxuv1 Krzhyhu/ zh zloo qg lw xvhixo wr glhuhqwldwh
ehwzhhq wzr glhuhqw w|shv ri fdslwdo prelolw|/ rqh zklfk zh zloo uhihu
wr dv fdslwdo rxw rz prelolw| dqg dqrwkhu rqh zklfk zh zloo fdoo fdslwdo
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lq rz prelolw|1 Fdslwdo rxw rz prelolw| phdvxuhv wkh delolw| ri fdslwdo
wr ohdyh wkh frxqwu|/ l1h1 xqghu shuihfw fdslwdo rxw rz prelolw| wkhuh duh
qr fdslwdo frqwurov dqg hfrqrplf djhqwv fdq wdnh wkhlu vdylqjv rxw ri wkh
frxqwu| dw wkhlu glvfuhwlrq1 Fdslwdo lq rz prelolw| shuwdlqv wr wkh idfw
wkdw iruhljq fdslwdo lv deoh wr hqwhu wkh frxqwu| zlwkrxw lpshglphqwv/
lq sduwlfxodu lw lpsolhv wkdw lqyhvwphqw lv qrw frqvwudlqhg e| grphvwlf
vdylqj1
Lqvwhdg ri xvlqj S. dv d frpsrvlwh phdvxuh ri orqj0uxq fdslwdo
prelolw|/ zh vxjjhvw orrnlqj dw wkh dgmxvwphqw frh!flhqwv lq wkh elyduldwh
YHFP uhsuhvhqwdwlrq ri rxu vdylqjv0lqyhvwphqw v|vwhp/ l1h1 dw k ’k
k k2
l
1
Li wkh uvw ri wkhvh frh!flhqwv/ l1h1 k/ lv forvh wr }hur/ fdslwdo
rxw rz prelolw| lv kljk1 Lq wklv fdvh/ sdvw fxuuhqw dffrxqwv kdyh rqo|
d vpdoo lpsdfw rq suhvhqw fkdqjhv lq vdylqjv/ l1h1 wrgd|*v vdylqjv ghfl0
vlrq lv uhodwlyho| lqghshqghqw ri wkh exgjhw frqvwudlqw dqg khqfh vdylqjv
dqg lqyhvwphqw ehfrph glfkrwrplf lq wkh vhqvh lpsolhg e| Ihogvwhlq dqg
Krulrnd1
Wr looxvwudwh wkh qrwlrq ri fdslwdo rxw rz prelolw|/ frqvlghu wkh
fdvh ri fxuuhqw dffrxqw wdujhwlqj glvfxvvhg lq Duwlv dqg Ed|rxpl +4<<5,1
Sdvw fxuuhqw dffrxqw ghflwv pljkw lqfxu jryhuqphqw dfwlrq lq wkh vhqvh
wkdw wkh jryhuqphqw whqgv wr rvhw sulydwh vhfwru ehkdylrxu e| lqfuhdvlqj
sxeolf vhfwru vdylqjv ru e| wu|lqj wr lqgxfh wkh sulydwh vhfwru wr lqfuhdvh
lwv vdylqjv wkurxjk srolf| dfwlrq vxfk dv fdslwdo frqwurov ru prqhwdu|
srolf| phdvxuhv vxfk dv kljkhu lqwhuhvw udwhv1 Qr pdwwhu zkdw wkh ghwdlov
ri jryhuqphqw dfwlrq orrn olnh/ krzhyhu/ lq wkhvh flufxpvwdqfhv rqh zrxog
suredeo| h{shfw d vwurqjhu suhglfwlyh srzhu ri sdvw fxuuhqw dffrxqwv iru
wrgd|*v pryhphqwv lq qdwlrqdo vdylqjv1
Frqyhuvho|/ kljk fdslwdo lq rz prelolw| lv lqglfdwhg e| d vpdoo de0
vroxwh ydoxh ri k21 Li fdslwdo lq rz prelolw| lv kljk/ wkhq grphvwlf lq0
yhvwphqw rssruwxqlwhv vkrxog eh h{sorlwhg/ uhjdugohvv ri zkdw wkh fxuuhqw
dffrxqw/ l1h1 wkh frxqwu|*v sdvw vdylqjv dqg lqyhvwphqw ghflvlrqv xvhg wr
eh1
Ohw xv uhodwh rxu lqglfdwruv ri fdslwdo prelolw| wr wkh rqh vxjjhvwhg
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e| Wd|oru +4<<9,= Lq whupv ri wkh sdudphwhuv ri wkh YHFP/ Wd|oru*v
uhjuhvvlrq fdq eh lqwhusuhwhg dv d frqglwlrqdo prgho ri lqyhvwphqw/ jlyhq
vdylqjv1 Frqglwlrqlqj lqyhvwphqw rq vdylqjv |lhogv
{| ’ /{r| n Ek2  /kS@|3 n ,@}}e_ _+?@6Sr +5;,
zkhuh / lv d olqhdu ixqfwlrq ri wkh fryduldqfh vwuxfwxuh ri wkh uhgxfhg
irup huuruv jlyhq e|
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Wkh frh!flhqw / phdvxuhv vkruw0uxq fdslwdo prelolw| 0 lw lv riwhq
uhihuuhg wr dv d vkruw0uxq vdylqjv uhwhqwlrq frh!flhqw +Wd|oru +4<<9,,1
Lw lv d ixqfwlrq ri wkh fryduldqfh ri wkh uhgxfhg irup huuruv/ l1h1 wkrvh
lqqrydwlrqv lq vdylqjv dqg lqyhvwphqw wkdw duh xqh{sodlqhg e| rxu prgho1
Dqg dv vxfk/ iru rqfh/ d kljk ydoxh ri / lv qrwklqj wkdw zh vkrxog h{shfw
iurp wkh wkhru|1 Khqfh/ orz ydoxhv ri / fdq eh lqwhusuhwhg dv lqglfdwlyh
ri kljk vkruw0uxq fdslwdo prelolw|= fkdqjhv lq vdylqjv gr qrw kdyh kljk
suhglfwlyh srzhu iru frqwhpsrudqhrxv fkdqjhv lq lqyhvwphqw1
Lq dv idu dv / lv lqwhusuhwhg dv phdvxuh ri vkruw0uxq fdslwdo prelolw|/
qrwh wkdw wkh frhflhqw S. iurp htxdwlrq +43, lv d ixqfwlrq qrw rqo|
ri erwk frh!flhqwv ri k exw dovr ri vkruw0uxq fdslwdo prelolw|1 Khqfh/
S.grhv qrw whoo xv dq|wklqj derxw krz vxvwdlqdeoh d frxqwu|*v fxuuhqw
dffrxqw srvlwlrq dfwxdoo| lv/ dqg khqfh lv qrw lqirupdwlyh derxw wkh wuxh
dgmxvwphqw surfhvv1 Wkh g|qdplfv ri d frqglwlrqdo prgho olnh +5;, duh
rqo| dssursuldwho| vshflhg li vdylqjv lv irxqg wr eh zhdno| h{rjhqrxv
+h1j1 Mrkdqvhq +4<<8, ,/ l1h1 k ’ f1
Zkloh wkh lqirupdwlrq zh jdlq e| orrnlqj dw k dqg k2 vhsdudwho|
lv fhuwdlqo| ydoxdeoh/ wkh irfxv lq wkh olwhudwxuh rq xqlyduldwh prghoolqj
fdq dovr eh h{sodlqhg lq whupv ri wkh ghvluh wr kdyh d frpsrvlwh phdvxuh
ri fdslwdo prelolw|/ lq rz dqg rxw rz1 Diwhu doo/ dgmxvwphqw frh!flhqwv
pd| ydu| d orw dfurvv vxeshulrgv dqg wkh| pljkw whoo glhuhqw vwrulhv
derxw lq rz dqg rxw rz prelolw|1 Zh zloo wkhuhiruh vxjjhvw d phdvxuh
ri orqj0uxq fdslwdo prelolw| wkdw dulvhv qdwxudoo| dv d ixqfwlrq ri wkh
sdudphwhuv ri rxu uhgxfhg0irup prgho1
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Mrkdqvhq +4<;;,/ +4<<9, kdv vkrzq wkdw wkh hvwlpdwlrq ri wkh frlq0
whjudwlqj vsdfh lq d YHFP lv hvvhqwldoo| d jhqhudol}hg hljhqydoxh sure0
ohp1 Wkh pd{lpxp hljhqydoxh hqvxlqj iurp wkh vroxwlrq ri wklv sureohp
fdq eh jlyhq wkh uhsuhvhqwdwlrq
\ ’ ek eP3
ff
ek +5<,
zkhuh ePff lv wkh hvwlpdwh ri wkh yduldqfh0fryduldqfh vwuxfwxuh ri wkh uvw
dx{loldu| uhjuhvvlrq lq wkh Mrkdqvhq +4<;;, surfhgxuh1 Wkh dv|pswrwlf
glvwulexwlrq ri \ dqg surfhgxuhv iru wkh hvwlpdwlrq ri lwv fryduldqfh kdyh
uhfhqwo| ehhq zrunhg rxw e| Kdqvhq dqg Mrkdqvhq +4<<;,1
Wkh qlfh surshuw| ri \ lv wkdw lw lv dozd|v ehwzhhq }hur dqg rqh1
Rxu dujxphqw khuh lv wkdw d kljk ohyho ri \ lpsolhv orz fdslwdo prelolw|
zkhuhdv d orz ohyho ri \ lv wdqwdprxqw wr d kljk ohyho ri fdslwdo prelolw|1
Qrwh lq sduwlfxodu/ wkdw rqfh \ lv }hur wklv lpsolhv wkdw wkh v|vwhp kdv
wzr frlqwhjudwlqj uhodwlrqvklsv/ khqfh r dqg  duh glhuhqfh vwdwlrqdu|
exw gr qrw frlqwhjudwh1 Exw wklv lv h{dfwo| zkdw zh phdqw wr lpso| suh0
ylrxvo|= xqghu shuihfw fdslwdo prelolw|/ wkh v|vwhp vkrxog vwloo uhyhuw wr
htxloleulxp/ l1h1 frlqwhjudwlrq dqg huuru fruuhfwlrq vkrxog eh suhvhqw exw
vkrxog qrw eh yhu| vwurqj1 Dqg wklv mxvw lpsolhv d vpdoo +exw vljqlfdqw,
\1 Edvhg rq wklv ixqgdphqwdo lqvljkw/ zh vxjjhvw wkh iroorzlqj vwdwlvwlf
dv d frpsrvlwh phdvxuh ri lqwhuqdwlrqdo fdslwdo prelolw|=
U ’  ek eP3
ff
ek +63,
Zh qrz kdyh wzr phdvxuhv ri lqwhuqdwlrqdo fdslwdo prelolw|= rqh/
wkh vkruw0uxq uhwhqwlrq frh!flhqw lv qrwklqj hovh wkdq wkh fruuhodwlrq eh0
wzhhq wkh uhgxfhg irup huuruv dqg whoov xv krz lqyhvwphqw dqg vdylqjv
duh fruuhodwhg qhw ri wkh zrunlqj ri wkh lqwhuwhpsrudo prgho1 Wkh rwkhu
rqh/ edvhg rq wkh jhqhudol}hg hljhqydoxh sureohp xqghuo|lqj wkh hvwlpd0
wlrq ri d frlqwhjudwhg v|vwhp/ lv d frpsrvlwh phdvxuh ri krz vxvwdlqdeoh
d frxqwu|*v fxuuhqw dffrxqw srvlwlrq lv dqg/ dv vxfk/ phdvxuhv orqj0uxq
prelolw|1
Ehiruh zh dsso| rxu lqvljkwv wr orqj0uxq klvwrulfdo gdwd iurp wkh
XN dqg wkh Xqlwhg Vwdwhv/ ohw xv dgguhvv dq lqwhuhvwlqj vlgh lvvxh=
49
Rxu iudphzrun hqdeohv xv wr shuirup whvwv ri zhdn h{rjhqhlw| rq
erwk vdylqjv dqg lqyhvwphqw1 Dv lv vkrzq lq Mrkdqvhq +4<<9, lqwhu do1
zhdn h{rjhqhlw|ri wkh 0wk yduldeoh lq wkh v|vwhp krogv rqo| zkhq k ’ f1
Whvwv rq wkh k|srwkhvlv wkdw k ’ f fdq eh shuiruphg hdvlo|1 Lq sduwlfx0
odu/ rqfh wkh frlqwhjudwlqj yhfwru lv nqrzq/ zh duh ghdolqj zlwk d prgho
wkdw lv hqwluho| lq wkh vwdwlrqdu| grpdlq1 Wkh whvw ri Mf G k ’ fc  ’ c 2
zloo wkhuhiruh eh dv|pswrwlfdoo| 20glvwulexwhg1 Li zh qg wkdw rqh ri wkh
yduldeohv lv lqghhg zhdno| h{rjhqrxv/ wklv kdv lpsruwdqw lpsolfdwlrqv iru
wkh lqwhusuhwdwlrq ri wkh wudqvlwru| dqg shupdqhqw vkrfnv klwwlqj wkh
v|vwhp=
Dvvxph wkdw zh qg lqyhvwphqw wr eh zhdno| h{rjhqrxv/ l1h1 k ’k
k f
l
1 Wkhq uhfdoo iurp wkh uhsuhvhqwdwlrq ri wkh pdwul{ E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wkdw wkh vwrfkdvwlf wuhqgv ri wkh v|vwhp duh jlyhq
e| k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Khqfh/ wkh lqqrydwlrqv wr lqyhvwphqw gulyh wkh vwrfkdvwlf wuhqg1 Lq rwkhu
zrugv= shupdqhqw vkrfnv lq wklv prgho duh lqyhvwphqw vkrfnv1
Lq wklv vhqvh/ rxu prgho jlyhv d qlfh dqvzhu wr dq lpsruwdqw txhv0
wlrq= zkdw lv wkh gulylqj yduldeoh ehklqg fxuuhqw dffrxqw g|qdplfvB Lv
lw lqyhvwphqw/ ru lv lw vdylqjvB Zh duh dovr jrlqj wr surylgh hylghqfh rq
wklv lvvxh lq wkh qh{w vhfwlrq wkdw dssolhv rxu lqvljkwv wr d xqltxh gdwd
vhw gxh wr Wd|oru +4<<9,1
8 Gdwd dqg Hvwlpdwlrq Uhvxowv
814 Gdwd/ suhwhvwv dqg prgho sdudphwhul}dwlrq
Lq wklv vwxg| zh xvh d xqltxh vhw ri orqj0udqjh dqqxdo gdwd rq qdwlrqdo
vdylqjv dqg lqyhvwphqw udwhv frpslohg dqg uvw xvhg e| Wd|oru +4<<9,
wr vwxg| wkh wrslf ri lqwhuqdwlrqdo fdslwdo prelolw|1 Gdwd iru wkh Xqlwhg
Nlqjgrp udqjh iurp 4;8304<<5/ gdwd iru wkh Xqlwhg Vwdwhv lv iurp 4;:7
wr 4<<51 Iljxuhv 4 dqg 5 surylgh d sorw ri wkh gdwd vhw iru wkh wzr
frxqwulhv1
4:
Zh uvw hvwlpdwhg dq xquhvwulfwhg YDU zlwk wzr odjv/ dv zdv vxj0
jhvwhg e| wkh Vfkzdu}0/ Kdqqdq0Txlqq dqg Dndlnh fulwhuld1 Zh wkhq shu0
iruphg Mrkdqvhq*v +4<;;, whvwv iru frlqwhjudwlrq1 Iru wkh Xqlwhg Vwdwhv
zh irxqg rqh frlqwhjudwlqj uhodwlrqvkls dw wkh <80shufhqw ohyho/ zkhuhdv
iru wkh XN/ qhlwkhu wkh wudfh0 qru wkh pd{lpxp hljhqydoxh whvwv vwdwlv0
wlfv vxjjhvwhg wkh suhvhqfh ri d frlqwhjudwlqj uhodwlrqvkls1 Wdeoh 4 jlyhv
wkh uhvxowv1 Zh vxvshfwhg wkdw wklv idloxuh wr ghwhfw frlqwhjudwlrq lq vxfk
d orqj gdwd vhw pljkw zhoo eh gxh wr wkh XN h{shulhqfh gxulqj wkh wzr
zruog zduv zlwk vdylqjv dqg lqyhvwphqw udwhv gursslqj wr wkh qhjdwlyh1
Zh ghflghg wr hvwlpdwh d yhuvlrq ri wkh prgho zlwk wzr gxpplhv fruuh0
vsrqglqj wr 4<4704; dqg 4<6<078 uhvshfwlyho|1 Qrz erwk whvwv lqglfdwhg
frlqwhjudwlrq dw wkh <80shufhqw ohyho1
Edvhg rq wkhvh whvw uhvxowv/ zh ghflghg wr lpsrvh rqh frlqwhjudwlqj
uhodwlrqvkls lq rxu hvwlpdwlrq surfhgxuh1 Wdeoh 5 jlyhv wkh hvwlpdwhg
frlqwhjudwlqj yhfwruv iru erwk frxqwulhv1 Whvwv ri wkh k|srwkhvlv q ’k
 
l
|lhoghg idyrxudeoh uhvxowv1 Lq qhlwkhu fdvh frxog zh uhmhfw wkh
qxoo dw wkh 80shufhqw vljqlfdqfh ohyho +Wdeoh 6,1
815 Dgmxvwphqw frh!flhqwv dqg whvwv ri zhdn h{r0
jhqhlw|
Zh duh qrz jrlqj wr suhvhqw rxu hvwlpdwhv ri wkh orqj0uxq dgmxvwphqw
frh!flhqwv k1 Wdeoh 7 jlyhv wkh uhvxowv iru wkh XN dqg wkh Xqlwhg Vwdwhv
uhvshfwlyho|1 Wkh uhvxowv uhihu wr wkh uhvwulfwhg prgho/ l1h1 wkh YHFP
lv hvwlpdwhg zlwk rqh frlqwhjudwlqj uhodwlrqvkls lpsrvhg dqg wkh frlqwh0
judwlqj vsdfh lv frqvwudlqhg wr wkh vsdq ri q ’
k
 
l
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Wkh uvw urz lq wdeoh 7 jlyhv wkh uhvxowv iru wkh zkroh vdpsoh shulrg1
Iroorzlqj wkh dssurdfk dgrswhg lq Wd|oru +4<<9,/ zh dovr glylghg wkh
vdpsoh lqwr irxu vxeshulrgv/ hdfk ri zklfk lv vxssrvhg wr kdyh eurxjkw
derxw vhfxodu fkdqjhv lq lqwhuqdwlrqdo fdslwdo prelolw|=
 wkh suh0zruog zdu L shulrg ri wkh fodvvlfdo jrog vwdqgdug/ 4;;304<461
Dv Ed|rxpl +4<<3, kdv fodlphg wklv zdv wkh rqh klvwrulfdo shulrg
wkdw fdph forvhvw wr wkh sdudgljp ri shuihfw fdslwdo prelolw|1
4;
 Wkh lqwhuzdu shulrg/ d shulrg wkdw Wd|oru +4<<9, dqg Revwihog dqg
Wd|oru +4<<9, kdyh irxqg wr eh rqh ri vhfxodu eduulhuv wr fdslwdo
prelolw|1 Wd|oru +4<<9, kdv lqfoxghg wkh wzr zruog zduv lq wklv
vxevdpsoh1 Zh gr qrw iroorz klp lq wklv uhvshfw exw udwkhu uhvwulfw
rxuvhoyhv wr wkh shulrg 4<4<06<1 Wkh uhdvrq iru wklv lv wkdw rxu
phdvxuh ri fdslwdo prelolw| lv edvhg rq wkh suhglfwlyh srzhu odvw
shulrg*v fxuuhqw dffrxqw kdv iru wrgd|*v vdylqjv dqg lqyhvwphqw
ghflvlrq1 Gxulqj wkh wzr zruog zduv/ wkh XV zdv jlylqj lpphqvh
qdqfldo dqg pdwhuldo dlg wr wkh XN1 Khqfh/ wkh XN zdv uxqqlqj
kxjh fxuuhqw dffrxqw ghflwv zklfk zhuh qdqfhg pdlqo| iurp XV
fxuuhqw dffrxqw vxusoxvhv1 Wkhvh kxjh dqg h{wudruglqdu| jryhuq0
phqw wudqvihuv duh olnho| wr eldv grzqzdugv wkh hvwlpdwhv ri k lq
rxu phwkrg/ dv qhlwkhu wkh XV qru wkh XN duh olnho| wr kdyh ehhq
frqfhuqhg zlwk fxuuhqw dffrxqw ghflwv lq wkhlu zduwlph srolf|0
pdnlqj1 Zh kdyh h{shulphqwhg zlwk d vdpsoh shulrg uxqqlqj iurp
4<47078 dqg lqghhg rxu lqwxlwlrq zdv frquphg lq wkdw d kljkhu
ghjuhh ri fdslwdo prelolw| wkdq lq wkh suh0zruog zdu L shulrg zdv
vxjjhvwhg e| rxu hvwlpdwhv1 Wklv uhvxow ydqlvkhg/ krzhyhu/ dv zh
uhvwulfwhg wkh vdpsoh shulrg wr 4<4<06<1
 Wkh srvwzdu shulrg xs wr wkh euhdngrzq ri wkh Euhwwrq Zrrgv
v|vwhp/ 4<790:4
 Wkh srvw Euhwwrq Zrrgv shulrg/ 4<:40<5/ vwuhwfklqj wr wkh hqg ri
wkh vdpsoh1
Lw lv d vwulnlqj uhvxow wkdw iru erwk frxqwulhv dqg dfurvv prvw vxe0
shulrgv zh qg dw ohdvw rqh ri wkh wzr yduldeohv wr eh zhdno| h{rjhqrxv1
Wkh uroh/ krzhyhu/ fkdqjhv ehwzhhq vdylqjv dqg lqyhvwphqw1 Wklv lqgl0
fdwhv wkdw lq pdq| vlwxdwlrqv/ wkh fodvvlfdo Ihogvwhlq0Krulrnd uhjuhvvlrq
ru d xqlyduldwh HFP ri vdylqjv dqg lqyhvwphqw g|qdplfv zloo uhsuhvhqw
dq lqydolg vwhs ri frqglwlrqlqj1 Rxu uhvxowv vhhp wr vxjjhvw wkdw wkhuh lv
d orw wr jdlq e| h{dplqlqj lq rz dqg rxw rz prelolw| vhsdudwho|/ zklfk
lv rqo| srvvleoh lq d v|vwhp iudphzrun1
Wdnlqj dffrxqw ri wkh zkroh vdpsoh shulrg/ lq erwk frxqwulhv lq0
yhvwphqw vhhpv zhdno| h{rjhqrxv dw frqyhqwlrqdo vljqlfdqfh ohyhov 1
4<
Shupdqhqw vkrfnv vhhp wr kdyh ehhq vkrfnv wr lqyhvwphqw1 Wkh slfwxuh
ydulhv ryhu wkh vxeshulrgv/ krzhyhu1 Lq sduwlfxodu/ lw lv lqwhuhvwlqj wr
qrwh wkh uhvxowv iru wkh suh0ZZL rqh shulrg 4;;304<46= khuh/ lqyhvw0
phqw vhhpv zhdno| h{rjhqrxv iru wkh X1V1 prgho/ exw lw lv vdylqj wkdw
gulyhv wkh g|qdplfv ri wkh v|vwhp lq wkh XN1 Wklv wv lq zlwk wkh jhq0
hudo shufhswlrq ri suh zruog zdu L Juhdw Eulwdlq dv wkh *qdqflhu ri wkh
zruog*/ uxqqlqj lpphqvh fxuuhqw dffrxqw vxusoxvhv wr qdqfh ryhuvhdv
lqyhvwphqw1 Rq wkh rwkhu kdqg/ fdslwdo lq rz prelolw| dv phdvxuhg e|
wkh frh!flhqw k2 vhhphg yhu| kljk lq wkdw shulrg iru wkh Xqlwhg Vwdwhv1
Wkh uhvxow suhydlov htxdoo| vwurqjo| lq erwk wkh uhvwulfwhg dqg wkh xquh0
vwulfwhg prghov1
Iru erwk frxqwulhv wkh suh0ZZL dgmxvwphqw frh!flhqwv vhhp vpdoohu
wkdq lq dq| rwkhu vxeshulrg1 Lq wkh XN0prgho lw lv hyhq qrw srvvleoh wr
glvwlqjxlvk dw d/ vd|/ <8(0ohyho ehwzhhq vdylqjv dqg lqyhvwphqw dv dq
h{rjhqrxv vwrfkdvwlf wuhqg +ri frxuvh/ lq d frlqwhjudwhg prgho/ k dqg
k2 fdqqrw eh }hur dw wkh vdph wlph/ exw lq wkh uhvwulfwhg prgho wkhuh lv
qrwklqj wr suhyhqw xv iurp jhwwlqj wklv frqwudglfwlqj whvw uhvxow,1
Lq wkh XN fdvh/ fdslwdo lq rz dqg rxw rz prelolw| uhpdlq kljk lq
wkh lqwhuzdu shulrg zkhuhdv iru wkh X1V vdylqjv dsshdu zhdno| h{rjh0
qhrxv dqg dgmxvwphqw frhflhqwv duh ryhudoo kljkhu wkdq lq wkh suh0ZZL
shulrg1
Ryhudoo zh qg wkdw wkh uroh ri vdylqjv dqg lqyhvwphqw dv gulylqj
irufhv ri fxuuhqw dffrxqw g|qdplfv fkdqjhv ryhu wkh vxeshulrgv1 Zkdw
vwdqgv rxw/ krzhyhu/ lv wkdw iru erwk frxqwulhv zh qg lqyhvwphqw wr eh
zhdno| h{rjhqrxv iru wkh zkroh vdpsoh shulrg/ lqglfdwlqj d kljk ghjuhh ri
fdslwdo lq rz prelolw|1 Dovr/ wkh dgmxvwphqw frh!flhqwv iru wkh shulrg
4;;304<46 vhhp orz ylv0d0ylv odwhu shulrgv/ srvvleo| lqglfdwlqj dq hud
ri vhfxoduo| kljk fdslwdo prelolw| +dv vxjjhvwhg lq Wd|oru +4<<9,/ lqwhu
do1,1 Wklv k|srwkhvlv zloo eh ixuwkhu whvwhg lq wkh qh{w vhfwlrq/ zkhuh zh
duh jrlqj wr suhvhqw wkh uhvxowv iru wkh frpsrvlwh phdvxuh ri OU0fdslwdo
prelolw|1
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816 Frpsrvlwh LFP
Lq wdeoh 8 zh suhvhqw rxu uhvxowv iru wkh frpsrvlwh lqgh{ ri orqj0uxq
lqwhuqdwlrqdo fdslwdo prelolw|1 Ryhu wkh zkroh vdpsoh shulrg/ zh qg d
uhpdundeo| kljk ghjuhh ri LFP/ zlwk srlqw hvwlpdwhv ri 31<5 dqg 31;: iru
wkh XN dqg wkh X1V1 uhvshfwlyho|1 Dovr/ wkh ghjuhh ri lqwhuqdwlrqdo fdsl0
wdo prelolw| vhhpv suhflvho| hvwlpdwhg/ zlwk frqghqfh lqwhuydov udqjlqj
iurp 31; wr 31<6 lq wkh X1V1 fdvh dqg 31;; wr 31<9 iru wkh XN1 Wdnlqj rxu
phdvxuh ri LFP vhulrxvo|/ zh fdqqrw exw vwdwh wkdw orqj0uxq fdslwdo pr0
elolw| kdv ehhq doprvw shuihfw wkurxjkrxw wkh fhqwxu|1 Djdlq/krzhyhu/
wkh slfwxuh ydulhv d orw dfurvv wkh vxeshulrgv1
Dw wkh rxwvhw/ lw lv lqwhuhvwlqj wr qrwh wkdw iru qrqh ri wkh wzr
frxqwulhv dqg iru qrqh ri wkh vxeshulrgv LFP lv irxqg wr eh dv kljk dv
iru wkh zkroh vdpsoh shulrg1 Wklv pd| vhhp d olwwoh frxqwhulqwxlwlyh exw
lw lv qrw vxusulvlqj= uvw/ wkh vxeshulrgv frqwdlq ihz revhuydwlrqv1 Khqfh/
lq pdq| fdvhv/ wkh wuxh ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| lv olnho| wr
eh lpsuhflvho| hvwlpdwhg dqg wkdw lv h{dfwo| zkdw wkh vwdqgdug huuruv whoo
xv1 Iru pdq| vxeshulrgv wkh| duh lqghhg vr odujh wkdw zh fdqqrw uhmhfw
wkh k|srwkhvlv wkdw wkh ghjuhh ri LFP lq wkh vxeshulrg frqvlghuhg lv
htxdo wr wkh ghjuhh phdvxuhg iru wkh zkroh vdpsoh shulrg1 Vhfrqgo|/ rxu
phwkrg rqo| doorzv xv wr phdvxuh fdslwdo  rzv dv wkh| kdyh hyhqwxdoo|
rffxuhg1 Li d frxqwu| uxqv shuvlvwhqw ghflwv lq rqh vxeshulrg/ zh duh
olnho| wr xqghuhvwlpdwh wkh ghjuhh wr zklfk wkh frxqwu|*v fxuuhqw dffrxqw
srvlwlrq lv vxvwdlqdeoh1 Khqfh/ wkh ryhudoo phdvxuh ri fdslwdo prelolw|/
zklfk lv qrwklqj hovh wkdq rqh plqxv wkh dssursuldwho| vfdohg ohqjwk ri
wkh yhfwru k pljkw eh eldvhg grzqzdugv lq d vxeshulrg zlwk shuvlvwhqw
fxuuhqw dffrxqw ghflwv1 Rq wkh rwkhu kdqg/ fxuuhqw dffrxqwv ryhu d orqj
krul}rq duh olnho| wr glvsod| vx!flhqw yduldwlrq lq rughu wr vshdn orxgo|
derxw wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw|1 Wkdw lv h{dfwo| wkh
yluwxh ri xvlqj orqj0uxq klvwrulfdo gdwd vhwv dv wkh rqh zh hpsor| khuh1
Lw lv lq wkh oljkw ri wklv uhdvrqlqj wkdw zh vkrxog lqwhusuhw rxu uhvxowv iru
wkh lqglylgxdo vxeshulrgv=
Wkh uhvxow iru lqwhuzdu fdslwdo prelolw| lq wkh XN lv vrphzkdw
vxusulvlqj dv zh qg LFP wr eh kljkhu lq wkdw shulrg wkdq lq wkh suh0
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ZZL hud1 Krzhyhu/ jlyhq wkh vl}h ri wkh vwdqgdug huuruv/ zh fdq qrw
uhmhfw htxdolw|1
Iru wkh Xqlwhg Vwdwhv/ rxu qglqjv duh frqvlvwhqw zlwk wkh uhvxowv
ri Hlfkhqjuhhq +4<<3, dqg Wd|oru +4<<9,/ zkr lghqwlhg wkh lqwhuzdu
shulrg dv dq hud wkdw zdv sduwlfxoduo| glvuxswlyh wr lqwhuqdwlrqdo fdslwdo
prelolw|1 Zkdw lv vxusulvlqj krzhyhu/ lv wkdw rxu uhvxowv vxjjhvw wkdw
fdslwdo prelolw| frqwlqxhg wr idoo lq wkh srvw ZZLL0hud dqg wklv iru erwk
wkh XN dqg wkh Xqlwhg Vwdwhv1 Lq wkh fdvh ri wkh Xqlwhg Vwdwhv/ rqo| wkh
srvw0Euhwwrq Zrggv shulrg vhhv ohyhov ri LFP wkdw duh frpsdudeoh zlwk
wkrvh ri wkh fodvvlfdo jrog vwdqgdug1
Dv rxu uhvxowv iru wkh vxeshulrgv vhhp wr vxhu iurp vpdoo vdp0
soh eldv/ zh dovr shuiruphg whvwv iru sdudphwhu vwdelolw| dv vxjjhvwhg lq
Kdqvhq dqg Mrkdqvhq +4<<;,1 Iljxuhv 6 dqg 7 glvsod| uhfxuvlyh hvwlpdwhv
ri U dqg <80shufhqw frqghqfh lqwhuydov iru wkh zkroh vdpsoh shulrg1
Iru wkh Xqlwhg Vwdwhv/ ZZL vhhpv wr kdyh ehhq sduwlfxoduo| glv0
uxswlyh wr LFP1 Exw rxu hvwlpdwhv vxjjhvw wkdw orqj0uxq lqwhuqdwlrqdo
fdslwdo prelolw| txlfno| lqfuhdvhg diwhu ZZL dqg wkdw douhdg| gxulqj
wkh juhdw ghsuhvvlrq/ lw uhdfkhg suh0ZZL ohyhov1 Diwhu wkdw/ lqwhuqd0
wlrqdo fdslwdo prelolw| iru wkh X1V1 vhhpv wr kdyh uhpdlqhg pruh ru ohvv
frqvwdqw ryhu wkh uhvw ri wkh vdpsoh shulrg/ zlwk qr pdmru glvuxswlrqv
gxulqj wkh vhfrqg zruog zdu qru ixuwkhu pdunhg lqfuhdvhv lq LFP lq wkh
Euhwwrq Zrrgv ru srvw0Euhwwrq Zrrgv shulrgv1
Iru wkh XN ehiruh ZZ0L/ zh qg uhodwlyho| orz ohyhov ri orqj uxq
fdslwdo prelolw|1 Wkh yduldqfh ri wkh hvwlpdwh lv udwkhu kljk/ wkrxjk/ dqg
lqghhg/ olnh lq wkh fdvh ri wkh hvwlpdwlrq iru wkh lqglylgxdo vxeshulrgv/
zh fdqqrw uhmhfw wkh k|srwkhvlv ri htxdolw| ri orqj0uxq fdslwdo prelolw|
ehiruh dqg diwhu zruog zdu rqh1 Dv lq wkh XV fdvh/ ZZL kdv glvuxswhg
orqj0uxq fdslwdo prelolw| vhyhuho| exw lq wkh XN wkh vxvwdlqdelolw| ri
wkh fxuuhqw dffrxqw srvlwlrq uhfryhuv hyhq txlfnhu wkdq lq wkh Xqlwhg
Vwdwhv dqg vwd|v urxjko| frqvwdqw iru wkh uhvw ri wkh vdpsoh shulrg/ zlwk
wkh h{fhswlrq ri ZZLL zkhuh LFP vhhpv wr uhdfk d qhz shdn1 Djdlq/
zh eholhyh wkdw wklv lv gxh wr wkh h{fhswlrqdo qdqfldo dlg wkh XN uh0
fhlyhg iurp wkh Xqlwhg Vwdwhv gxulqj ZZLL1 Fxuuhqw dffrxqw ghflwv
kdyh ehhq odujh lq wkdw shulrg exw zloo qrw kdyh wuljjhuhg dssursuldwh
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uhdfwlrqv lq vdylqjv dqg lqyhvwphqw udwhv1 Wklv zloo eldv wkh hvwlpdwhv ri
k grzqzdugv1
Lq vslwh ri kljk fruuhodwlrqv ehwzhhq vdylqjv dqg lqyhvwphqw/ orqj0
uxq fdslwdo prelolw| ryhu wkh fhqwxu| vhhpv wr kdyh ehhq uhpdundeo|
kljk 0 dw ohdvw iru wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg Nlqjgrp1 Wkh uvw
zruog zdu vhhpv wr kdyh ehhq glvuxswlyh wr orqj uxq fdslwdo prelolw| exw
erwk frxqwulhv zhuh deoh wr uhfryhu orqj0uxq vxvwdlqdeoh fxuuhqw dffrxqw
srvlwlrqv vrrq1 Rxu qglqjv vxjjhvw wkdw wkh uroh ri wkh juhdw ghsuhvvlrq
dv d zdwhuvkhg iru LFP/ dv vxjjhvwhg lq Hlfkhqjuhhq +4<<3, dqg Wd|oru
+4<<9,/ lv qrw txlwh zduudqwhg iru wkh wzr frxqwulhv1 Wkh glhuhqfh lq rxu
uhvxowv ylv0ª0ylv Hlfkhqjuhhq dqg Wd|oru pljkw eh gxh wr rxu h{foxvlyh
irfxv rq orqj0uxq fdslwdo  rzv1 Wkh irupdo vhwxs ri rxu prgho doorzv xv
wr glvwlqjxlvk fohdqo| ehwzhhq wkh vkruw dqg wkh orqj0uxq dqg lw vhhpv
sodxvleoh wkdw wkh juhdw ghsuhvvlrq zdv ohvv glvuxswlyh wr orqj0uxq LFP
wkdq wr vkruw0uxq fdslwdo  rzv1 Dv Wd|oru +4<<9/ s157, qrwhv=
*Wkh qglqjv duh idluo| frqvlvwhqw zlwk wkh frqyhqwlrqdo zlv0
grp= fdslwdo prelolw| kdv fkdqjhg olwwoh ryhu wkh orqj0uxq/
exw vxhuhg d vhwedfn lq wkh lqwhuzdu shulrg1*
Jlyhq wkdw rxu uhvxowv iru orqj0uxq fdslwdo prelolw| glhu vrphzkdw
iurp wkrvh uhsruwhg lq wkh olwhudwxuh/ zh dovr vhw rxw wr hvwlpdwh vkruw0
uxq fdslwdo prelolw|1 Diwhu doo/ rxu phdvxuh ri orqj0uxq fdslwdo prelolw|
lv hqwluho| iuhh ri vkruw0uxq g|qdplfv zkhuhdv wkh frh!flhqw S. lq
uhjuhvvlrq +43, lv lq idfw d ixqfwlrq ri // dv wkh frqglwlrqdo prgho lq
+5;, vkrzv1 Iljxuhv 8 dqg 9 jlyh rxu uhfxuvlyh hvwlpdwhv ri wkh vkruw0uxq
uhwhqwlrq frh!flhqw /1
Wkh jxuh jlyhv d vwulnlqj frqupdwlrq ri wkh uhvxowv ri Wd|oru
+4<<9,1 Wkh suh0ZZL shulrg kdv vhhq vhfxoduo| orz vdylqj uhwhqwlrq
frh!flhqwv iru erwk frxqwulhv1 ZZL hqghg wklv jroghq djh ri fdslwdo
prelolw| zklfk wkhq uhfryhuhg txlfno| lq wkh X1V1 fdvh/ rqo| wr eh odvw0
lqjo| glvuxswhg e| wkh juhdw ghsuhvvlrq1 Iru wkh XN/ vkruw0uxq fdslwdo
prelolw| vwd|v orz diwhu ZZL dqg uhfryhuv rqo| diwhu wkh ghplvh ri wkh
Euhwwrq Zrrgv v|vwhp/ dq hyhqw wkdw vhhpv wr kdyh kdg olwwoh lpsdfw rq
vkruw0whup fdslwdo prelolw| lq wkh Xqlwhg Vwdwhv1
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Ilqdoo|/ rxu qglqjv dovr vxjjhvw wkdw wkh wudqvlwlrq iurp wkh Euhwwrq0
Zrrgv v|vwhp wr  rdwlqj h{fkdqjh udwhv grhv vhhp wr kdyh kdg ohvv lp0
sdfw rq orqj0uxq lqwhuqdwlrqdo fdslwdo  rzv wkdq lv frpprqo| wkrxjkw1
Exw dovr iru vkruw0uxq fdslwdo prelolw|/ wkh hhfwv iru wkh wzr frxqwulhv
lq rxu vwxg| zhuh prghudwh1 Rqo| iru wkh XN fdq dq hhfw eh shufhlyhg
dw doo1 Zkhuhdv iru qhlwkhu ri wkh wzr frxqwulhv kdyh ohyhov ri vkruw0uxq
fdslwdo prelolw| ehhq uhdfkhg vxevhtxhqwo| wkdw duh frpsdudeoh wr wkrvh
wkdw suhydlohg xqghu wkh fodvvlfdo jrog vwdqgdug/ orqj0uxq fdslwdo prelo0
lw| vhhpv wr kdyh ehhq uhodwlyho| kljk dqg 0 zlwk wkh h{fhswlrq ri wkh
ZZL0h{shulhqfh 0 dovr uhodwlyho| frqvwdqw ryhu wkh zkroh fhqwxu|1
9 Frqfoxvlrq
Lq wklv sdshu zh kdyh lqyhvwljdwhg lq zkdw vhqvh fruuhodwlrqv ehwzhhq
vdylqjv dqg lqyhvwphqw duh lqirupdwlyh derxw lqwhuqdwlrqdo fdslwdo pr0
elolw|1 Zh kdyh irxqg wkdw wkh fodvvlfdo Ihogvwhlq0Krulrnd uhjuhvvlrq lv
olnho| wr glvsod| d xqlw frh!flhqw ehfdxvh wkh lqwhuwhpsrudo dssurdfk wr
wkh fxuuhqw dffrxqw vxjjhvwv wkdw vdylqjv dqg lqyhvwphqw frlqwhjudwh1 Lq
dv idu dv fruuhodwlrqv ehwzhhq vxlwdeo| h{wudfwhg wudqvlwru| frpsrqhqwv
ri vdylqjv dqg lqyhvwphqw duh frqfhuqhg/ zh kdyh vkrzq wkdw wkh fruuh0
odwlrq fdq wdnh dq| ydoxh exw wkdw lw lv xqlqirupdwlyh derxw wkh ghjuhh ri
fdslwdo prelolw|= udwkhu/ wkh fruuhodwlrq ghshqgv rq wkh uhodwlyh zhljkw ri
huuru fruuhfwlrq dqg sxuh vkruw0uxq g|qdplfv1 Erwk iru wkhpvhoyhv zloo
glvsod| xqlw fruuhodwlrqv/ exw wkh fruuhodwlrq ri wkh frpsrqhqwv ri huuru
fruuhfwlrq g|qdplfv fdq eh hlwkhu srvlwlyh ru qhjdwlyh1 Rxu uhdvrqlqj
ghprqvwudwhv wkdw wlph vhulhv fruuhodwlrqv ehwzhhq vdylqjv dqg lqyhvw0
phqw duh shu vh xqlqirupdwlyh derxw wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo
prelolw|1 Wkh qglqjv ri Ihogvwhlq dqg Krulrnd +4<;3, fdq wkhuhiruh eh
udwlrqdol}hg hyhq zkhq fdslwdo prelolw| lv shuihfw1
Hyhq wkrxjk wklv uhvxow lv qrw qhz dqg kdv ehhq sxw iruzdug lq
wkh olwhudwxuh/ wkh dgydqwdjh ri rxu dssurdfk lv wkdw zh ghulyh wkhvh frq0
foxvlrqv iurp wkh uhgxfhg0irup lpsolfdwlrqv ri dq lqwhuwhpsrudo pd{l0
pl}dwlrq prgho1 Khqfh/ wkh uhvxowv suhydlo lqghshqghqwo| ri dvvxpswlrqv
derxw wkh vwuxfwxuh ri xqghuo|lqj hfrqrplf vkrfnv1 Lq sduwlfxodu/ wkh
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lpsolfdwlrqv ri huuru fruuhfwlrq iru wkh f|folfdo g|qdplfv ri r dqg  kdyh
wr rxu nqrzohgjh qrw ehhq vshoohg rxw1
Vwloo/ wkh vxjjhvwlrq pdgh e| Ihogvwhlq dqg Krulrnd wr pdnh lqihu0
hqfh derxw lqwhuqdwlrqdo fdslwdo prelolw| iurp vdylqjv dqg lqyhvwphqw
gdwd dorqh uhpdlqv dsshdolqj1 Diwhu doo/ wkh lqwhuwhpsrudo pd{lpl}dwlrq
prgho grhv vxjjhvw d glfkrwrp| ehwzhhq wkh vdylqjv dqg lqyhvwphqw gh0
flvlrq= lqyhvwphqwv  rz zkhuh wkh| |lhog wkh kljkhvw uhdo uhwxuq/ vdylqjv
ghshqg rq wkh lqwhuwhpsrudo frqvxpswlrq ghflvlrq dorqh1
Lq wklv sdshu/ zh kdyh dujxhg wkdw wkh orqj0uxq dgmxvwphqw sur0
fhvv lq d frlqwhjudwhg v|vwhp lv lqirupdwlyh derxw fdslwdo prelolw| 1 Wkh
dgmxvwphqw frh!flhqwv dovr sxw xv lq d srvlwlrq wr glvwlqjxlvk ehwzhhq
+orqj0uxq, fdslwdo lq rz dqg rxw rz prelolw|1 Zh kdyh dovr vxjjhvwhg
d phdvxuh ri frpsrvlwh +l1h1 lq rz)rxw rz, orqj uxq fdslwdo prelolw|
wkdw dulvhv qdwxudoo| lq wkh frqwh{w ri d frlqwhjudwhg prgho dqg fdq eh
fdofxodwhg hdvlo| dv d e|surgxfw ri Mrkdqvhq*v +4<;;, surfhgxuh1 Wkh
phdvxuh kdv wkh dgydqwdjh wkdw lw uhsuhvhqwv d vwdqgdugl}hg lqgh{ ri lq0
whuqdwlrqdo fdslwdo prelolw| wkdw lv ehwzhhq }hur dqg rqh1 Dovr/ vwdqgdug
huuruv ri wklv lqgh{ fdq eh fdofxodwhg dqg khqfh lw ehfrphv srvvleoh wr
frpsduh fdslwdo prelolw| lqwhuwhpsrudoo| dqg ehwzhhq frxqwulhv1
Ilqdoo|/ zh kdyh dssolhg rxu lqvljkwv wr d xqltxh gdwd vhw ri klvwru0
lfdo vdylqjv dqg lqyhvwphqw udwhv iru wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg
Nlqjgrp1Wkh gdwd duh wdnhq iurp Wd|oru +4<<9,1
Lq vslwh ri kljk fruuhodwlrqv ehwzhhq vdylqjv dqg lqyhvwphqw/ orqj0
uxq fdslwdo prelolw| ryhu wkh fhqwxu| vhhpv wr kdyh ehhq uhpdundeo|
kljk 0 dw ohdvw iru wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg Nlqjgrp1 Dovr/ wkh
hhfw ri wkh ghplvh ri wkh Euhwwrq Zrrgv v|vwhp rq orqj0uxq fdslwdo
prelolw| dsshduv orz1 ZZL dsshduv dv wkh pdmru glvuxswlrq wr orqj0uxq
fdslwdo prelolw| lq wklv fhqwxu| exw lq erwk frxqwulhv orqj0uxq vxvwdlqdeoh
fxuuhqw dffrxqw srvlwlrqv zhuh uhvwruhg vrrq diwhu wkh zdu1
Rxu qglqjv vhhp vrphzkdw dw rggv zlwk wkh olwhudwxuh1 Exw zh
vkrz wkdw wkh| duh gxh wr wkh idfw wkdw rxu phdvxuh ri orqj0uxq fdslwdo
prelolw| irfxvvhv h{foxvlyho| rq orqj0uxq dgmxvwphqw1 Hduolhu uhvhdufk
kdv irfxvvhg rq xqlyduldwh HF0prghov zkhuh wkh orqj0uxq dgmxvwphqw
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frh!flhqw zloo lq jhqhudo eh d ixqfwlrq ri wkh wuxh uhgxfhg irup huuruv1
Zh kdyh hvwlpdwhg wkh vkruw0uxq vdylqjv uhwhqwlrq frh!flhqw uhfxuvlyho|
dqg lqghhg zh frxog uhsurgxfh pduyhoorxvo| wkh uhvxowv lq wkh olwhudwxuh=
Suhvhqw0gd| LFP lv qrw h{fhswlrqdoo| kljk lq d klvwrulfdo shuvshf0
wlyh1 Udwkhu/ suh0ZZL ohyhov ri vkruw0uxq fdslwdo prelolw| kdyh qhyhu
vlqfh ehhq uhdfkhg1 Wkh lqwhuzdu shulrg dqg wkh juhdw ghsuhvvlrq vhhp
wr kdyh frqwulexwhg wr d ghfuhdvh lq vkruw0uxq fdslwdo prelolw| wkdw kdv
rqo| sduwldoo| ehhq rvhw diwhu wkh ghplvh ri wkh Euhwwrq Zrrgv v|vwhp/
lq wkh prghuq hud ri  rdwlqj h{fkdqjh udwhv1
Wkh ruljlqdo vwxg| e| Ihogvwhlq dqg Krulrnd +4<;3, irfxvvhg rq
furvv0vhfwlrqdo udwkhu wkdq rq wlph0vhulhv hylghqfh dqg lqghhg wkh furvv0
vhfwlrqdo hylghqfh vhhpv kdughu wr uhfrqfloh zlwk shuihfw fdslwdo prelolw|
wkdq wkh wlph0vhulhv hylghqfh1 Rq wkh rwkhu kdqg/ d wlph vhulhv prgho lv
riwhq pruh uhdglo| lqwhusuhwdeoh dv wkh uhgxfhg irup ri d irupdo hfrqrplf
wkhru|1 Udwkhu wkdq glvfxvvlqj wkh surv dqg frqv ri furvv0vhfwlrqdo yhuvxv
wlph0vhulhv dqdo|vlv/ lq wklv sdshu zh kdyh fkrvhq wr frqfhqwudwh rq wkh
hvvhqfh ri wkh Ihogvwhlq0Krulrnd dssurdfk= wkh fodlp wkdw lqihuhqfh rq
fdslwdo prelolw| lv srvvleoh iurp vdylqjv dqg lqyhvwphqw gdwd dorqh1 Zh
kdyh ghprqvwudwhg wkdw wklv dssurdfk lv ydolg hyhq lq d wlph0vhulhv vwxg|
li wkh dssursuldwh uhgxfhg irup wkdw lv vxjjhvwhg e| wkh wkhru|/ l1h1 d
yhfwru huuru fruuhfwlrq prgho/ lv fkrvhq1
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K1 Vlhehuw +hg1,/ Fdslwdo Iorzv lq wkh Zruog Hfrqrp|1 Wxhelqjhq=
Prku 4<<31
^43‘ Hlfkhqjuhhq/ E1/ +4<<5,/ Jroghq Ihwwhuv1 R{irug= R{irug Xqlyhuvlw|
Suhvv1
^44‘ Hqjoh/ U1 I1/ Khqgu|/ G1I1 dqg Ulfkdug/ M10I1/ +4<;6,/ *H{rjhqhlw|*/
Hfrqrphwulfd/ 84/ 5::06371
^45‘ Hqjoh/ U1 dqg Judqjhu/ F1 Z1/ +4<;:,/ *Fr0Lqwhjudwlrq dqg Huuru
Fruuhfwlrq= Uhsuhvhqwdwlrq/ Hvwlpdwlrq dqg Whvwlqj* Hfrqrphwulfd/
881 5840:91
^46‘ Ihogvwhlq/ P1 dqg Krulrnd/ F1/ +4<;3,/ *Grphvwlf Vdylqj dqg Lqwhu0
qdwlrqdo Fdslwdo Iorzv*/ Hfrqrplf Mrxuqdo/ <3/ 647065<1
5:
^47‘ Ihogvwhlq/ P1 dqg Edffkhwwd/ S1/ +4<<4,/ *Qdwlrqdo Vdylqjv dqg Lqwhu0
qdwlrqdo Lqyhvwphqw*/ lq Ehuqkhlp/ E1 G1 dqg Vkryhq/ M1 E1 +hgv1,=
Qdwlrqdo Vdylqj dqg Hfrqrplf Shuirupdqfh1 Fklfdjr= Xqlyhuvlw| ri
Fklfdjr Suhvv1
^48‘ Iudqnho/ M1 D1/ +4<<5,/ *Phdvxulqj Lqwhuqdwlrqdo Fdslwdo Prelolw|= D
Uhylhz*/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv= 4<:0
5351
^49‘ Jkrvk/ D1/ +4<<8,/ *Fdslwdo prelolw| dprqjvw wkh pdmru lqgxvwul0
dol}hg frxqwulhv= Wrr olwwoh ru wrr pxfkB/* Hfrqrplf Mrxuqdo 438=
43:045;
^4:‘ Jolfn/ U1 dqg Urjr/ N1/ +4<<8,/ *Joredo yhuvxv frxqwu|0vshflf
surgxfwlylw| vkrfnv dqg wkh fxuuhqw dffrxqw/* Mrxuqdo ri Prqhwdu|
Hfrqrplfv
^4;‘ Jrq}dor/ M1 dqg Judqjhu/ F1/ +4<<8,/ *Hvwlpdwlrq ri Frpprq Orqj0
Phpru| Frpsrqhqwv lq Frlqwhjudwhg V|vwhpv/* Mrxuqdo ri Exvlqhvv
dqg Hfrqrplfv Vwdwlvwlfv 46= 5:0681
^4<‘ Kdqvhq/ K1 dqg Mrkdqvhq/ V1/ +4<<;,/*Vrph Whvwv iru Sdudphwhu Frq0
vwdqf| lq Frlqwhjudwhg YDU0Prghov*/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh
plphr/ Mxo| 4<<;1
^53‘ Mrkdqvhq/ V1/ +4<;;,/ *Vwdwlvwlfdo Dqdo|vlv ri Frlqwhjudwlqj Yhfwruv*/
Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 45=5640871
^54‘ Mrkdqvhq/ V1/ +4<<4,/ *Hvwlpdwlrq dqg K|srwkhvlv Whvwlqj ri Frlq0
whjudwlrq Yhfwruv lq Jdxvvldq Yhfwrudxwruhjuhvvlyh prghov*/ Hfrqr0
phwulfd/ 8<= 48840;3
^55‘ Mrkdqvhq/ V1/ +4<<:,/ *Frpprq Wuhqgv lq wkh Frlqwhjudwhg YDU0
prgho/* pdqvxfulsw/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh1
^56‘ Mrkdqvhq/ V1/ +4<<:e,/*Zkdw lv d srvlwlyh uhodwlrqB/* pdqxvfulsw/
Hxurshdq Xqlyhuvlw| Lqvwlwxwh1
5;
^57‘ Ndvd/ N1/ +4<<5,/ *Frpprq vwrfkdvwlf Wuhqgv lq lqwhuqdwlrqdo vwrfn
pdunhwv/* Mrxuqdo ri Prqhwdu| Hfrqrplfv 5<= <804571
^58‘ Phqgr}d/ H1J1/ +4<<4,/ *Uhdo Exvlqhvv F|fohv lq d Vpdoo Rshq Hfrq0
rp|/* Dphulfdq Hfrqrplf Uhylhz ;4=:<:0;4;1
^59‘ Pruhqr/ U1/ +4<<:,/ *Vdylqj0Lqyhvwphqw G|qdplfv dqg Fdslwdo Pr0
elolw| lq wkh XV dqg Mdsdq*/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg
Ilqdqfh/ yro1 49/ qr1 9= ;6:0;961
^5:‘ Revwihog/ P1/ +4<;9,/ *Fdslwdo Prelolw| lq wkh Zruog Hfrqrp|= wkh0
ru| dqg phdvxuhphqw*/ Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv rq
Sxeolf Srolf|/ yro 57/ 8804371
^5;‘ Revwihog/ P1/ +4<<8,/ *Lqwhuqdwlrqdo Fdslwdo Prelolw| lq wkh 4<<3v*
lq Nhqhq/ S1 +hg1, Xqghuvwdqglqj Lqwhughshqghqfh/ Sulqfhwrq Xql0
yhuvlw| Suhvv/ 4<<81
^5<‘ Revwihog/ P1 dqg Urjr/ N1 +4<<8,/ *Wkh lqwhuwhpsrudo dssurdfk wr
wkh fxuuhqw dffrxqw/* QEHU zrunlqj sdshu 7;<61
^63‘ Surlhwwl/ W1/ +4<<:,/ *Vkruw0Uxq G|qdplfv lq Frlqwhjudwhg V|vwhpv/*
R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 8<= 73807551
^64‘ Vdfkv/ M/ +4<;4,/ *Wkh Fxuuhqw Dffrxqw dqg Pdfurhfrqrplfv dgmxvw0
phqw lq wkh 4<:3v/* Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4=5340
59;1
^65‘ Vduqr/ O1 dqg Wd|oru P1 S1/ +4<<;,/ *Vdylqjv0Lqyhvwphqw Fruuhod0
wlrqv= wudqvlwru| yhuvxv shupdqhqw/* Wkh Pdqfkhvwhu Vfkrro Vxs0
sohphqw 4<<;/ 4:06;1
^66‘ Wd|oru/ D1 P1/ +4<<7,/ *Grphvwlf Vdylqj dqg Lqwhuqdwlrqdo Fdslwdo
Iorzv Uhfrqvlghuhg*/ QEHU Glvfxvvlrq Sdshu Vhulhv/ qr1 7;<51
^67‘ Wd|oru/ D1 P1/ +4<<9,/ *Lqwhuqdwlrqdo Fdslwdo Prelolw| lq Klvwru|=
Wkh Vdylqj0Lqyhvwphqw Uhodwlrqvkls*/ QEHU Glvfxvvlrq Sdshu Vh0
ulhv/ qr1 8:761
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Iljxuhv dqg Wdeohv
Wdeoh 4d= frlqwhjudwlrq whvwv iru wkh XV 4;:704<<5
Wudfh Vwdwlvwlfv Pd{ HY Vwdwlvwlfv
f 	    222b S.
 	   2 DDSe DDSe
Wdeoh 4e= frlqwhjudwlrq whvwv iru wkh XN 4;8304<<5
Wudfh Vwdwlvwlfv Pd{ HY Vwdwlvwlfv
f 	    b .
 	   2 2De2 2De2
Wdeoh 4f= XN 4;830<5 zlwk gxpplhv iru ZZL)LL
Wudfh Vwdwlvwlfv Pd{ HY Vwdwlvwlfv
f 	    Db DSbS
 	   2 2e. 2e.
Wdeoh 4g= Fulwlfdo Ydoxhv ri Frlqwhjudwlrq Whvwv
Wudfh Vwdwlvwlfv Pd{ HY Vwdwlvwlfv
<3( <8( <3( <8(
f 	    DDH .He 2.H eS
 	   2 SSb HHf SSb HfH
Wdeoh 5=
Hvwlpdwhg frlqwhjudwlqj yhfwruv
XV XN
4;:704<<5 4;8304<<5
q

fHDfS

fSD2S
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Wdeoh 6=
Whvwv ri Mf G q
 ’
k
 
l
XV XN
4;:704<<5 4;8304<<5
OU 2H bDb
s0ydoxh fb2. fHHe
Wdeoh 7= Orqj0uxq dgmxvwphqw frh!flhqwv
Xqlwhg Nlqjgrp Xqlwhg Vwdwhv
Shulrg k R0ydoxh k R0ydoxh
4;832:704<<5 fDbe fbbbb f2e. 
ffbHS fD2H ffS.S. fH.H
fbb.4, fbbbD4,
4;;304<46 ffbHD f.b fee2 fbb.S
ff.fe fbHee fff. f.HS
f..D4, fbbe24,
4<4<06< fSS f.Hb ffHSeS fHeH2
ff2.D fe. fD222 
f.fSD4, 4,
4<790:4 fb  fH 
f. fSbe feSH 
4, 4,
4<:504<<5 ffDDe febe ffSS.D fSH2D
fDb fbS.2 f2He fbb.H
fbe.H4, fbS4,
4, wkh wklug s0ydoxh shuwdlqv wr wkh k|srwkhvlv k ’ k2 ’ f
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Wdeoh 8 Lqgh{ ri Lqwhuqdwlrqdo Fdslwdo Prelolw|
XN XV
4;832:704<<5 fb2S fHSHb
fH.bD fbSbb
 
fHfe. fbH

4;;304<46 fSfb f..fH
feSH fHDfD
 
fDbDS fbb.D

4<4<06< f.2f feb
fDfH fb..e
 
f2HD fHD

4<790:4 febf. ffD
fD f.SS
 
ffeS.H f2D.

4<:50<5 f.fH2 f.H.D
fDH fb.S
 
fS2e fbbeb

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Recursive Estimate of LR-capital mobility: UK
Iljxuh 6= Orqj uxq fdslwdo Prelolw| lq wkh XN
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Iljxuh 7= Orqj uxq fdslwdo prelolw| lq wkh X1V1
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Iljxuh 8= Vkruw uxq fdslwdo prelolw| lq wkh XN
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